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(57) Abstract 

A process for reconstituting virions of Sendai virus by introducing Sendai virus into a host in which early replication genes have been 
all expressed. This process makes it possible to produce a (-)-strand RNA virus vector with a high practical value. 
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v ? mmmmn g miz&m r s z t & qj&r* & & , 

UhD^^;w^^- DNA<W;i/*^*-, RNA£ 

»**««©2»>ft<2:4»-»i:"r«CktJit)«*l«DNA (cDNA) *£tfu H< 
■3<P©agft«fc3L 1&±*fe«:DNAK:#A*Jx, 7D^-f^tft5 0 ro-W 
^^tt«IIS*ODNAtt#ttRNA(E¥»*t«t Ofe^^n, -W ;i^RNA#£fiJc£*i 

^■M;^, *:3&ifa#i'M;u;*, ttCS*>u^-f;i/^ % tF^i>>>f;b 

&*tbtzt)<D [Virology, 65, 1202(1991), Biotechniques, 9, 980(1989), Nucle 
ic Acids Research, 18,3587(1990), Molecular and Cellular Biology, 7,887(19 
87), Proceedings of National Academy of Sciences of United States of Ame 
rica, 90, 3539(1993), Proceedings of National Academy of Sciences of Unite 
d States of America,86, 3519(1989)*?] , t Y%M^±*?J )V7>%&*t 

Lfc&CD [Journal of Clinical Investigation, 88, 1043(1991)] mt?m? ZtlZ 
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1/ hD*J)lZH7*-&Z<D£olZ, ft£CDDNA£»*£<&fe#DHAC*aa ! 

o , i ttae? tfasi&si t fc a «a tfwffl* ft fe o f s Riifett * sjtc # ft n 

9 9 -*mmLtz-m$} (transient) ft#6a^©5B«3&*3iK>e»ftfco 

DNA-W^^^-fciU DNA^-r;i/X(rS*-T?)^^^-T-fe5o DNA£-f;i>* 
ttx ^-f^^tt^rtfcDNA^afefllfffcLTftMI-S^OTJfcDs *©DNA©££i 

-»fcrsc:i:tJ:DN «H»S£rt"r5fci^a«©«0«UCJ:Dft3ft3 
o Jftfi^afK^kbTWffl-CSSDNA^-f^^^-fcbT, mtfT'TV* 
-f * -(Adenovirus vector)T-ti. HPR©ae^*«fctT r Nature 

Genetics, 3, l-2(1993)j ft^t*3W#*o La»Lft#e>> DNA^;i^^ 
* ^rtT-^fi^DNAJ:©M^U<ftl^lglx.* J iDi>RjHE^* J ii5< 

> ae^JS^ffl^^^-fcUTffl^sw^cjt, <&g#&£o 

N i3©RNA£«fSli:U iB**ORNAtt#ttRNAa»»**«l«lfc'rSc:i:tJ: 

tz r mRNAj tm-rz) fci/T*«mu WH^tt^rtfci&RftaaKftfiriw 
j&©«iR«t&ctt#uT££*s m^suftau (+) sirna-w 

j fctt, rfljgg^xxwft^a-cMtfiBJiartc^A^ftfc^ «iartfc:#4* 

fcmtzzbox-zzntij (+) aRNA^-f^c^a^ftss/^ 
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( + ) 83RNAttfc$t±>£*-f S (IBllfirtfc:* x^nsi: 
RNAft ( + ) & (-) fci: b&v> (»*]K$A£ ftTfc-M 

Zmt><{)W«?9-Vffi&&ft&^ [Bio/Technology, 11, 916-920(1993), 
Nucleic Acids Research,23, 1495-1501(1995), Human Gene Therapy,6, 1161-116 
7(1995), Methods in Cell Biology,43,43-53(1994K Methods in Cell Biology 
,43,55-78,1994] „ * A U ^tt-W ;b*(Semliki forest virus; SFV 

)J?>^> K^*^ ;i>*(Sindbis virus)CdB*TSRNA^^^^^^^-li, 7 > 

-&U«)-5 2>cDNA [Nucleic Acids Research,23,1495-1501(1995h Human Gene Th 
erapy,6,1161-1167(1995)] *W.»t£*l*'CimPi£m\*Zts 
S^trRNA^^^-^S^miiiite^^D^-^-T^^M^O 

^^^mTScDNAJ--^ h ('VJW*-) fc. ±ie©RNA^*-£#gmf ScDNA 
©^^T•^;wt-a*©RNAJ:^^'^-RNAi:©P^-em^* ^ ^-^)^ •SfettW 
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tZZ-b&mfrbtlT^Z [Bio/Technology, 11, 916-920( 1993)] 0 

t&mfeztiZo ztz. mTftiz&m&mm&n&tf'tv'T-yztiz^ztzsb 
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(-) Bm*>r;i/;*ttS£fc,fcoTli*£ft3£fcttftv*o 
mm (-) ^RNA->-f;ux^^^-(i$SbTV^Uo **xl±, «W;i/*cDNA£*£ 

attwiittrtsnft^RDUu (-) mut'Oizz^tf-tLTm mt 

Sdfctt:ffl»-C*>S©-eifc3o ft*, rn,^^^^ 

HuftUfc.fc-5fc: (-) 8RNA£>f;i/;*©RNA(vRNA; viral RNA)££tt^©tafiSm 
RNA(cRNA; complementary BNA)4JMft-CIBIBrtK:#AUT* (-) tHRNA-M;!/* 
tt£j*£n&l*dfc#E6J!pK£ftT^S, CCDCiiii, ( + ) ^RNA^-f ;i/*© 

^©yyAC^tS cDNAiJ «t J&&&© ft 85RNA £ ;p * © j C o V > 
Tl2»#fcS#. SE&«©H»rt§3b**©**gB«#ilTV^S r EMB0.J. ,9,379- 
384(1990)j li, HK©H3it4*»ftVNCi:^e>*>i:ftDs «#--ffre> H*f*i 
Sfc^iBflUfcfcDTlfTna (EHB0.J,10,3558(1991)#8O c^^tt, ftR 

^4-2ii377^«tga«©ftw^*«w©^ffa«ta^bft^©«±«ie.*7fft 

$g£#&& (Annu.Rev. Microbiol. ,47, 765-790(1993), Curr. Opin. Genet. D 
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EV., 2,77-81(1992)) . 4 >7)l^>? -W^tt, 8 ftW S A«t D1ifi&£ft5 
(-) ^RNA^^XT-fcao ine>0«^twJ:ixKx C -5 *>© lo 

(J. Virol. 68, 713-719(1994)) . 

tfWTSfca&Ctt, ( + ) §IRNA"M>>u*0t§£i:tt#l&>K a^rtWtffiJW 
£±©«lK»t5¥fc:B4&» Ufc v\ RNA* ^ *-©«illlE»J*fc fcfr I; 



PCT/1P96703068 

WO 97/16538 



-iimtzzt***. tit. g^**-*»«<«»«***"«« 

fcft, -fe>*X* 4**1*18* (defective interfering particle/EMBO J., 10, 
3079-3085(1991)^) **<*m****>*< *< 

f- e *««*6ttXC:* *^4*4»*£ft©cDNA* ( + 

fig^AUfco *©|SJ|Mr>^*-f^cDIIAJ:»)-b>^^-fi^tt«» 
filEg-r S Z 1 C ffl ft T J** ^ • 

WHbfc. ***** ^«»bfc*>^*^^4W*«« t » 

HUM*** ^^T^^©^*^-^^^<^ 
J.Virology, 68 8413-8417(1994)j CB«*n-C*»K »E»*#»tTa« 
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£^©?*k K\ P/Cs L CD3#SSfefef*:±t:*UTV>S293IBllia**©IBIIISTf* 
0> £©*>©(*, NP> P/C. L©3#©gfi«£S83iL-C^£o 

£ (J. Virol. 68, 8413-8417(1994)) 60.86 frT'fc So ftiT. fflAfcf r «ii 

^©-W^cDNAj jb>6£^£ttfcft#££fe : ?&^trRNA£s 
m^t***** d i: #T* * ft K . ®Mmm E £ RNAg W&Mf 6 

m 7L urn mm^&mm *str wife «e o fc 0 

;b*©M. F. HN ££^©"5*>4>fc< l«£ftU:©»fc^ fcffefittLtfcfcft-f 
i^ck*lt>ajlfe. h7>^yix^»Mft»iD0 [Poltry 
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Sci., 65, 1445-1458(1 986), Bio/Technology, 12,60-63(1994)] , M, F, HN jftfc 
-?©-5*>'J>&< tt> lttSJa±0afc*ftfcfcfc±£«ft1"S h5>^s;x-y 

^JMftfmrs-fctt* us scifc-e**. m, f, hn 

>^^-f;^CSt?>i^lf^^o -bV^^-f^zas (Viology,108, 
318-324(1981)) ©4V A (1153847 * b* «fc 0 fcS-*«HNA-C**« ZO± 
&mim*M&Wmm*^tzcWk(D? n-->fr tiXi^Z (Nucleic Ac 
ids Research,ll ,7317-7330(1983), Nucleic Acids Research, 12, 7965-7972(19 
84). Nucleic Acids Research, 14, 1545-1563(1986)) 0 *f J ARNAte (-) mx& 

tmmtZfiteOo yyARNA**3-K-rsseHfcUTtt0>«c<2:*x NP, P/C 
, M, F, HN, L ©enatftten-CV^S^ C0S*NPfcP/CfcL©3#;M!*»fc: 
&g+#&B^T-ifc5-t#fte>n-t£D (Journal of Virology,68, 8413-8417 

(1994)) , M, F, HNtt, ^ 
j&upJWLTOSo filJiCDu^e), RNA©i*-f Sft£©RNA«M ^tf-t^'f 
«W;v;*-e&S*§1§rfcJ:, iWaKKiRltoSafK^PTJ&SNP, P/C, L ± Xt, 

m, f, m&^oo^mo^mticD^mcm^^i^m^mz^mLx^^m 

fi*C, (D DNAfcfcaPSftScDNA* © »cDNAft*M&rt-Cte¥1-S*£ «&5*eMI 
A* 'j * 7 — K ft □ - K T * iSfe^ £ ttKBMi « T cDNAi 0 b fcRNA* © * 

os«c#At!«»t4©*sa^i*ftS«d£-rsifc*»-e*s« 

UltMbSJtfem HP, P/C, L ft-f^Th, M, F, HNjfifc?©9*>RNA©£J# 
*©*»£Hfe5*fc*t*ttfcfc*KCfte>©*fe*ft3- h * UTV ' * 
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bfco JHMiJfctt, aflMKBKiHbSafiWttftfcr, M, Fx HN 

flgfcftiJiLfco JHWSlfclfciU MSSttx »a£#©«#-r3RNA©fc**©fc«l 

HAS -01/31 ^^Jl/^T-feS^ttx -fe>*^ -3"f ;i^©M, F> HNSgfc 

MZGtZBhWm^btiZo M, F, HN3t{n^ii> g£M©*©Tifc£<fc 
£«M6tt£*A<*nfcl8K ^M^^;i/^C«UT. S£3«J:PI*©«*itlfc**f"r 

#&BJ^£>teK#©RNAS^;i/3^**-t::£^T> «3R»*&lSK>Si 

tizv&m&znx&i). &m%mz£*)tt&*m%iZm^tz£gi l z, rna©*s 

ttj|li:LTRHA«#ttRKA1ft»©»*«i*JtSJ;-5ft*#Jft> (-) 0i 
RN A S *f ; 1/ * ^ ^ * - © H m M t b T PI % U o 
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t & t> *> *&m* WT© & © ft $tS o 

(1) £****f*ft5£© (-) mwhtu )i>ziz&*tzmt, 

a ^ «w )ix m&ft t ft $tra^»-c , «iia*3fcte rnas £ ft « r a # 
fc*:fcft**trrsi*£#> 

(2) ft£©RNA$>f;i/:*##£ttS (-) «IENA^-f;i/^T?*SCli:ft1$afc-r 
5(2) E«©«tefc, 

(3) &Jfc©RNA£>f >y>f £>f ^T-feSCfcftft&fcf 5 (3) IB« 

(4) -b>^-f ^-f^^BMAajfctt-fe^^^W^cRNAft^trRNATfx M,F,HN 8 
TIN3RNA, 

(5) (4) IBISORNAiis -fe>y>f ^>f ;i/^**©«Kft^* fcv>£-f ;u**H6 

*i:ft^tt*6»T, «B*«ii6kBiiAa»a»ifefcft*"f s*tK«*ft*a-rs 

(6) (4) |B«©mftB»«rtiLfc«±«IBrt-Cte9-r5Ci:0-C#*»SD!IA 
ft^&DNA, 

(7) a^rtc^snsENA^^ae^ft^tr^fcft^at-rs (i) ~ 
(3) sfctt (5) ov^rn/pciB*©*^ 

(8) «^rtc«ftsm#**^e?fc£trc (3) s 

fctt (5) £E*©fc£<k 

(9) ^fcttfcfc^ft^tr^ftft&^TS (4) lcl2«©RNA, 

(10) ^fcffiftfc^ft^tr^iiftftah-f £ (6) fcE«©DNA* 

(11) RNAtt#ttRICAtfcKftH*-r S*#Jft£tN ( 1) ~ < 3 ) , (5), 
(7) tfett (8) ©V^fn*KiC«©a^»t:^**i*BHA©*«IB«y, 

(12) (1)~(3), (5K (7) (8) ©^-fftfrfcE*©* 
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(13) (1)~(3K (5)> (7) tfcii (8) O^Ttifrlzmmom 

m&&frtffi-ot>(D*&mLo2>ztztt®Lt?2> (12) izmmofe^ 
d4) mnvm®. mmz&*tzM^ m^mmttz^mmom^^ 

zt&ftWLttZ (12) (13) HfE«g©!§^ 

(15) ®Wmm~<:1bZ>Z.li*®WLt1rZ> (14) CI3«©?g£> 

(16) ®®&M>'mX'$>2>Z t2> (14) lzf3«©?g£. 

(17) (3) N (5) (8) ©V>-fn^(CH3lit©m^#:0. JS&ffet 

(is) ■kynt'Oizomfc?. Fise^ HNafi^^feii^n^tiBi^ 
(20) -t>vj jizomfc?, NPitfe^, p/ciifc^ij^^ Litfc^ ( 

(2 1) -tyy^-ni/^MiHE^, Fjte^iJiOTite^ (#itfi^(ilnl 
(2 2) *>^^;i^©M3I£?, Filfe^, HNigfc^, NPSfi^, P/C&fs 

^iji^Ljtfe^ (#ite^iii5i^om^#-rsit^T-am^nTv>T*>«tv^ 

ZtZftWittZ (17) - (2 2) O^-fi-lfrtHa*©?^ 
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(24) 9b®ifm%m?$>zz£*ftmttz (2 3) izimvm^ 

(25) mw&m-e&zzt&ftmttz (2 3) iztmom^ 

(26) a)(l)~(3), (5)> (7) (8) 0v^ftfr£ie«<7) 
&-&mz<3£tiZmte) b < (iMAOcRNA, £fciig[RNA*> b < (i^cENA^^^fiK 

b) s£RNAi> b < tt^cm©M£#g £fclit2MI?¥££££!&b9 S^. 

c) ^^©x ^t6{3infc5ssHS¥s ttzizmm&nmzs.'tmvo 

©3#^^dr«y K 
(2 7) a)(l)~(3K (5), (7) £tz& (8) (D^ftiMzmm<D 
m&mz$£hZWte) b < (±i£RNA©cRNA, Ztz&mMb b < tt^cRNA£££-J& 
b-5 5^.- v h 

b) ^RNA*, L<&mcMh<Dfemiz&mtmmm. ttzitmmmm^^mLo s^. 

— y h 

c) ( 1 2 ) - ( 2 5 ) (D^-ftlMzm®(Dfe3L 
©3#£^tf*y K 

(28) a)(l)~(3K (5K ( 7 ) £fc(± ( 8) ©H-fftfrCE«ffl 

b) ( 1 2 ) ~ ( 2 5 ) ©^-f ftfrt;:aB«©?§£ 
©2#£^tr*y K 

(29) a) (3), (5) titzlt (8) cD^-fn^(lf3«©^^^S jxS 
RNA& b < li^RNAOcRNA, t tzltmiMb b < lig[cRNA£££g£ l^^-^h 

b)-t>^-i7^^^©NP } p/c, lmsh©t^t> £tzi*mw&nm*£&f&\s*> 
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(30) a) (3) „ (5) Jfeli (8) O^fnfr(:!2t0Ml:^$n5 
RNA& b < &I£RNA©cRNA, g; tz (is^RNAt) b < ttacRNA&££* L^^-^ 

b) -t>^^^;i/x©NP, p/c, Lsesof^x. *fettasaH8S4^ritb 

c) (17) - (25) aH*1*iXfrfc:Ett0l&£ 

(3 1) a) (3) > (5) tfctt (8) 0^rft*PfcEtt®«£tt 

b) (17) ~ (25) o^rn*tiB«oi&± 

<D2#£^tr*«y K 

(3 2) (2 6) a),b)*«tVc)CS3tt03#**A-r5CfcHJ: D 

x (1)~(3), (5)s (7) Sfctt (8) ©^m<pC8B*©«£tt**! 

(3 3) (2 7) c)£Ett©!&£rt£» (27) a)*S J:tfb)t:E«©Pii«* 
ArSifcCtO, d)~(3), (5), (7) Sfctt (8) ©M-rn^ti 

(3 4) (2 8) a)CE«eDa^<*:*, (2 8) b)tia«©lliC!8Jfe**5 

(3 5) l&iWC, (2 9) aJ.b^^VcJdieiSOS^^^A-rSCttcJ: 0 
, (3). (5) (8) ®^m*fcffi*©«£f*:*ttfc-rS2F& 

(3 6) (3 0) c)fcEtt©«±fc, (30) a)£<fc tfb)CB*0>W***A 
"TSifcHiD. (3), (5) *fett (8) ov^-rn<ptE«©a^i**»s 

(3 7) (3 1)a)CEt©I^tt, (3 1 ) b)fcB«®«C*ft*** 
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(3 8) mm^tz&tttfk&ztz&^ftfc^T^zztzftmttz o 

£gB«©RNA, 

(3 9) M,F,HN tm^th&fc^tft^Tk&ttzlttfeitisT^ZZtZ® 
Stfcl-S (9) fcE«©HNA, 
(4 0) a) (3 8) fcEtt©RNA 

b) ( 2 0 ) CEtt©?S£ 

c) (1 9) CE«©1§£ 
©3#*£tr*v K 

(4 1) (4 0) a)CE*©RNA4, ( 4 0 ) b)CIB«01&±l-*A-r5C fcC 

itm^nsa^ (40) c)cE«©*ii:!8ft**Tiji*^*:*«i 
(42) (4i) ©3Eratft:J:o»«*nfc*^flt, 

(4 3) a) (3 9) fcE«©RNA 

b) (22) tzgBtt©1&£ 

c) (2 1) £Ett©1&£ 
©3«£tr+* K 

(4 4) (4 3) a)£E«©RHA£s ( 4 3 ) b)KHB«©*4fc*Xt SC. fcfc 
•fcDfcfcftS***** (4 3) c)fcE*©££C«*£*Tttft£<**Ji(BL 

(4 5) (4 4) ©£ttfcJ:D«£*iifc*£tt, 

(4 6) MAtt#ttm«»*M-r5*#J*£fc, (4 2), (4 5)©^"f 

na> c iB*©a^i*c$ * n s RNA©}tMS#Jx 

(4 7) (7) E«©«£<*£1&££#AU «3RUfc**tt*W^Kfclil 
(48) e»*CRI1-Sjfife?©-5 *k ( 7 ) I3«©fc£<*fc£*ftS 

RHAtis^T^wbTv^sae^ssiBab-cv^aijfi-ea&Ss (47) ia*©# 
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(49) (7) E«©fc*f***±fc»Au %gm£tz {mmmz\E\i&t z> z 

SIRNA'M ;i/^ttin5 t lt(±, 01*0^7 ^ * y ;uafw>(Pa 

ramyxoviridae)CD-b>y^ ^^;i/^(Sendai virush ^jl— * 'y^;^ 1 )^;^ 
(Newcastle disease virus K frif l W;u;* (Humps virusK M^^^J^ 

^(Measles virusK RS^-Y ;i/^( Respiratory syncytial virush ^f^O-lJlX 
(rinderpest virush i/TJ-y^—fp^ )V7, (distemper virus). h ^ £ V 
£^;i/Xf4(0rthomyxoviridae)£W >7;i/oi>1f ^-f ;i/^( Influenza virus) » 
v^K^-r;t/^f4(rhabdoviridae)©7K?it4PI*)^^-r;i'^(Vesicular Sh 31* 
^H7-<;i/^ (Rabies virus)g##*l:f e,*i5 0 

TOh&S (-) IIRNA'W jit, h l/Ttt, ±!S©^-fftrt i tf>'5'r 
■T5£»**flM#-r3fflJfc*tt (-) iSRNA^^fcffl^Tfcct^o *I&x.f*: 

(-) £iRNA<w;u*yu fefcia^js^ttcM^-rsae^sTO^ufco 

cfc^o 

*«l«©BNAi:aaK4:©tt^ft:^Sii5RNAH:, luIB©l>rn*»®^>f 
fc ;L £ -f )VZ © cDNAfc &£ L tz © 4 ISl*^ 1*3 * fc Mfl§l*3T- L 
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> NP> P/C, L©VATn^Oitfc^-C*D> r fem±>^Mt)5ite^j fcfciu M> F 
H^frj tI^$n5fi£^i:UT5g^T'fe5o -JEu NP, P/C, Lfcn- KT2>£<n 

*$gBj§£> r^gfg^^ft^e;^ ^sijg^j fcBu 0!l*.fcf*-f ^freRNAfcW- 
tfftfcf, Mii{E^O^£^&£^£*>^ ^^©RNAt, -fe^-f £-01/* 

t43te^$JfA-rS„ -fe>^ >^>f;i/^RNAt^^T{i, R1E9J (5'-AGGGT 
C AAAGT-3' ) £R2gE?'J (5' -G T A AG AA A AA-3' ) tOHC, 6©{£f& 
<Di&m$L*tit ZmWZftXtZZttfmtL^ (Journal of Virology, Vol. 67 
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,No.8,(1993)p.4822-4830) 0 Xbfc^ttafi? ®*S«tt, i6£? 

#a©&^ *fc*e : F©H?r«oRMAtt*ia9yK:«fc»)Si«st'5 5. «*tfx 

iRL^So ft£. iSili0J5 33«fcU c 6fc:*svvrfcJ:» *mil©1££#©ttfc t) ft 
**3Bl/TV^5<BIJ!aj LTffl^ftfcf, ^UfcHfcfctt 3«£ 

cDNA©M^««tD*)H«©(5^A s ^<. £fc (-) flRNA^fflflg^T'te^^n 

*MCioti^nf:o ine»©*ft^ft©r^T© (-) mm$4)v* 

TfctK Bftfc-fs (-) «RNA£-f )W<>? *-© 

rRNA©««IM#Jj fctttt, RNA&#t4RNA}tM£PSgTSIil 
*|J-Cfcft«» V^ft5t)©T-*»5SfflRl^T-*S^ #J*fcf> U^K';> (Ribavi 

rin) , mm5Wttmc%^t>n2>o fr&z&$immmz, m*.^ »*n? 
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EI 2 (i P UCl8/T7(+)HVJRz.DNAO^fi!t5:^1-HT-$. 5o 
El 3 (± P UC18/T7(-)HVJRz.DNA©«fi£^^-r0T-$) So 

M 4 liCV-l«^©SeVg P 120©&&&©B$F t g iiHAUcDfil&tfgptfOcDl&^M i: <D 

[HffliW 1 ] -b>y^ ^fjl^^arj/ hpUC18/T7(-)HVJRz.DNAfe«fctMlCl 
8/T7(4)HVJRz.DNAg»^M 

T7 7d^-^- (-)^RNA#&¥£ft5£?£i§st£ftfc-fe>y^ -w^c 

DNA, Utflf-f Ajg£^£Cl£>JII(;:&8-f 5DNA&, pUC187*7^ * h*tc4$ AUfc7* 
7>U KpUC18/T7(-)HVJRz.DNA£Mb£o Ztz, T7 7D^-^- (+)tgRNA# 

ts^s ft 3 «£ -5 ciftn-^ ntz -b > ^-r ^ x cDNAs Utfifi' a jgfc^ £ d ©Ji 

tl{£8-f 5DNA£. pUC18:r-7;* = Kfcl* Alfer7 7 =• KpUC18/T7(+)HVJRz.DNA 
SftSiUfco pUC18/T7(-)HVJRz.DNAiJctt5pUC18/T7(+)HVJRz.DNA®«££*ia 2* 
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mim 2 ] cDMAfr6<P-fe>*y £j JlXUm^mm 

flg«:2,000,000® i:MEMigtlii(MEM +FBS 10%) 2mU:£MU C0> 5%, 37'C0£ft 
TT-24B#F^#bfco tg#^^mOl^t> lml©PBS£ffl^-Cft#bfc&> 
$ft (moi/multiplicity of infection) #2 fcfcS«fc-5£liS!{Ufc> T7tflM 
7-«ft*3St" 3111^7* **;i/*vIF7-3*0.1il©PBSfcSMBUfc*® 

mffl©*»!*fTofeo C"fMiMI5U lml©PBS£/8^Tifci*Lfco 

, pGEM-L, pGEM-P/C, pGEM-NP S^tf) &1.5n>l<Z>t>->7'J >$rf-a-7C: >K 
HBS(Hepes buffered saline; 20mM Hepes pH7.4, 150mM NaCD^flnx. T*£M£0. 
lmKztfco (-)*fctt( + )cDNAtt, 7^; KpUC18/T7(-)HVJRz.DNA£ fc 

JipUC18/T7( + )HVJRz.DNA^©4;©£^U /CfctJItt© £ /L&frJRgg^MluK:: 
«fc 0 ftfffti Lfcf*Cfllttfc#A UTV> S d 

flfe£, U^l^^i-^O+T-. HBS 0.07ml, D0TAP(^ — U 
-Y A*i$O0.03ml£S|-&U tmm&ZZ(D*V 7.3-U>9-*-7l<Z®\stco CO 
#tiT-> lO^Mbfe. cnt. (2ml MEM +FBS 10%) £«Lfco 

£ t>tZZ(D$\ZV >? *-Tb 4 )lZ<Dmgfi\-?$>Z V77>b^>> (Rifampicin 
) t i/ h ^75 hTy K C (Cytosin arabinoside C/Ara C) 
ft^ftO.lmg/ml, 0.04mg/mli:*S«t9fw»L/fce >K cDNAi&$£^tr 

HflB©'>-V'-l/*40^lfflC0i 5%, 37 e COlfe#Tt^llUfce 7M-*'JX7> 
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MUfc^-f ^*©HAD (hemiaglutinin unit)*:. PFlHplaque forming uni 

tare**.****** i»©iooM®PK<-)*Mu cn^^oox g, 
iom*»u ±**ircfc. ^»«*^2ia, »«u o.ijmuw 

4-C*40*»ftb 

fco *oft* iiUfe*o©«^ *ofc**-f 

cj:Dio««c«bfc*^^»«o.iiir^**n*na>*^*-ru- 

xHEHk2X»35*55«C-e««*to** * 5> fc«»«0.0075«/»lJ:*ftJ:^C > 
m *lf^*n?no)*)^-^-^^M^ 5XC0,*ttT-C37 

■lkU-cfMBibSo 
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fcj&SftH^cDNA-ca&SpGEM-k pGEM-P/C££tfpGEM-NP©fi, -O^a^-S/ 
s^BBx »»C«aufc«DJB», HAU, PFU 4*n*ft5*Ufc. 

&1 



ftgcwA -sit i.j<g.> ... P /rr U(! \ nwubi 



PR) 



(+)cDNA/C 


10 


4 


2 


4 


40 


1.00X10 5 


512 


2X10 9 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00X10 5 


256. 


9X10 8 


<+)cDNA/C 


10 




2 




40 


1.00X10 6 


256 


Q 

9X10* 


(+)cDNA/L 


10 




2 




40 


l.OOXio 5 


<2 


<10 


(+)cDNA/L 


10 




2 




40 


1.00X10 5 


<2 


<10 


(*)cDNA/L 


10 




2 




40 


1.00X10 6 


<2 


<I0 


(-)cDNA/L 


10 




2 




40 


I.00X10 4 


<2 


<I0 


(•)cDNA/L 


10 




2 




40 


1.00X10 5 


<2 


<10 


(-)cDNA/L 


10 




2 




40 


1.00X10 6 


<2 


<10 


(-)cDNA/C 


10 




2 




40 


1.00X10 4 


<2 


<10 


(-)cDNA/C 


10 




2 




40 


1.00X10 5 


<2 


<10 


(-)cDNA/C 


10 




2 




40 


1.00X10 6 


4 


8X10 3 



60%©*> 3 «*®JMI2i&'l>T-;M Us 12.5%SDS-PAGET-iK r.lK^^SStt Lfc i: d 5 

wSftfc. (+)«ftte^rScDNAft«IBSrtK:»ALfei:*t:tt^ (-)«*!£ 

2: S (3 Jrfc^T $ <i ^ylfitf «t < ^ S d t^tltz . 

L, P/C, NPfcasrST^** K#=*fc*£i&3^£3frftW^S&ttSfT 
ofc„ ^Ti(i^»J2 tlBl^T'feS^ ^WJ2T-licDNAi:h^C, pGEM-L, pG 
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EM-p/c, peM©3«ittrtc*AUfc©fc»u **rctt, pgem-l, p ge 

M-P/C, pGBMP®«®M^ 

a2 



8f3?cDNA 



*!t (/£g) PG™- 1 - PGEM.P/C pGCM-NP 



(+)cDNA/C 
(+)cDNA/C 

<+)cDNA/C 
(+)cDNA/C 

(+)cDNA/C 
(+)cDNA/C 



(+)cDNA/C 
(+)cDNA/C 

(+)cDNA/C 
(+)cDNA/C 

(+)cDNA/C 
{♦)cDNA/C 



10 
10 

10 
10 

10 
10 



(♦)cDNA/C 10 
(+)cDNA/C 10 



10 

10 

10 
10 

10 
10 



4 
4 

0 
0 

4 
4 

4 
4 



2 
2 

2 
2 

0 
0 

2 
2 

0 
0 

2 
2 

0 
0 



0 
0 

4 
4 

0 
0 

0 
0 



40 
40 

40 
40 

40 
40 

40 
40 

40 
40 

40 
40 

40 
40 



mesi 


HAU 


PFU 


1 .OOX 10 


256 


6X10** 


1.00X10 6 


512 


4X1 O y 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 


1.00X10 6 


<2 


<10 
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[mmm 4 ] in vitroil£¥RNAfrg>ff>-t;> *V ;i/*iP#5fe^§ft 
(CcDNA£in vitroT-fe^bfcM. -f&fc>*>vRNA cRNAT-* IrI^©- 

-fe>^ H7-f hpUC18/T7(-)HVJRz.DNA^«tt>'pUC18/T7( + )HVJRz 

— tf (EPICENTRE TECHNOLOGIES: Ampliscribe T7 Transcription Kit)(Icfc2>in v 
itro RNA-£fi££*To£o in vitro m&i&<Dl5mZ* v Y<DZTu YziMzQtitz 
o £CT-f#e>ft£RNAjtt]^ ^WJ2©cDNA©ftfcOCffl^, [ii]$tf)£Sfc£*7^ 
, -i7-i';b^McDfiT i ffi(iHAsjCI!;t«t D^ofc 0 



313 







pGEM-L(ug) 


pGEM-P/C(ug) 


pGEM-NP(ug) 






HAU 


PFU 


in vttro(-)RNA 


10 


4 


2 


4 


40 


1. OOE+06 


5J2 


2XI0 9 


in viiro(-)RNA 


10 


4 


2 


4 


40 


I. OOE+06 


512 


ND 


in vitro(+)RNA 


I0 


4 


2 


4 


40 


1. OOE+06 


2 


5X10 3 


in viiro(+)RNA 


10 


4 


2 


4 


40 


LOOE+06 


<2 


ND 



(1) (Hiv-i gpi20iifeT-) »^h>^-)^i/^^ 

- r p SeVgpl20j ©HM 

r =, 4 v _ a ( 5 > -TGCGGCCGCCGTACGGTGGCAATGAGTGAAGGAGAAGT-3' ) (E?!]#-5 
: 1) &tf7^^-d (5'-TTGCGGCCGCGATGAACTTTCACCCTAAGTTTTTVTTACTACGGC 
GTACGTCATCTTTTTTCTCTCTGC-3' ) (IBfllS^ : 2) £/!H\ r p N!432j ±©HIV-1 
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gpl20«£^£*£$ttfcPCR££ct$l|4ibfco U? Notify 
<fbU dtl£NotIT-#Hbbfc r p SeV18 + j ClfAlfco &^T\ Clft£E.Coli« 
gi|E&U E.Coli©=&=JD--©DNA^ TMiniprepj ifcT'lftttiU DralllYlfb&S 

(otltz, gpl20©liA£ftfcpSeV18 + £ r p SeVgpl20j i:#T>T2>o 
(2) pSeVgpl20£«8-f (SeVgpl20) 0B«6&&Vgpl2O© 

LLCMK2«WBfcpGEM NP, P.LflDffllCs * *>fcpSeVgpl20*3JA 

&w (elisa) hau©$i£«u mMm2tmm<o^m"c^^tzo 

ft96^x;bru-Mll00Atl©li*4*«SlraU 37 e CT'60#£]fc£-ti-£o PBSfW 
100^1OHRP^}nHIV-ltt{*^^SnUs 37 o CT'60#£l&£-tffco Cft£PBST- 
=r b^^WO^^fe^QU HBPStt-C*stt*iiSR*S^J*4»©ia 
iffittlfeffT. 450iiB©«#KT?ftttl"rS£fcfc£ !)gpl20©$gmM£3W£Lfco 

$fcx ft f>nfc^^;u^T«iix cv-hbbs«c**s** f?ao*i*ftffofc. cv 

PBS(-)T-&#U MBft^mflElO-O-f^^MIinU ^ST' 1 KrlH*Sfc«**fc 
o «M;u:*&£ltTPBS(-)T-iSfcftU plainMEMtgit (MEMifiJfetln^^UlAraC^Ri 
fSVh'J^V^JllU:*)©) 3rCT48«flSS(&*'a-feo SiBft 

s Jft*fe*IUKU HAU©$1£ («0'J2 hPl^O^) &lFgpl2085ltf>&M (EL 

isA) £f?ofco io*g***4+*t:^-r. ftfc, cv-iioiift©«»±a*iift* 
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m (EL ISA) iji£3l£3t4££^"fo 

3i4 





CV-l tfJGKFJ) 




J gpl20(HAU) 


fiPl2U(|-LAU) 


BP I20(I1AU) 


0.10( 4) 


3.46(128) 




0.15(32) 


1.81(128) 


1.56.1.21(512,512) 




2.20(128) 





^4*6)fl8e)*&J:^^ cv-i«T-^(craK©gpi2o^n^n (n*£) 

gpl20O«3H*«i7X^^>^D^^ I? flfflflfc. SeVgpl20& 

^^^fcCV-l«Oigil!l&20,000rpiBT-lIl5Raii^U, ;i/**tfcB!:£-ti\ * 
CD±i»STCA (10%(v/vK 7X±T"15^) SfcliT-70%i^y-;b (-20°C) T-M 
U 15,000rpmT-15#3§»l>U fitpafclfil?: rsDS-PAGE Sample bufferj (SB 
-ft*) hrS£L90^T-3#£jfo£-y\ 10%^ * 'J;i/T S h'^;U±T-SDS-^ 'J 7 1 

vji7s. wjin^m (sds-page) zfi^tzo \kw&s m&nzmm im- 

ft*) t^o*- ;HS#902ftMTmHBfi*6#*fc. fcV*"C» T- 

TBST'i5fc#U tftmlgG (7r>>tMi) *MT?16IHKJfc3*» T-TBST"&& Ufc 

o <*e>c, HEPis^rDx-f >a (77 % >tAii) ssa-cmiaafc*** t-tbs 

■e^Ufco CftC4-^nn-l-t7h-^ (4CNPlus) (IB-ft*) £»U 
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x mmcomm^tm^iyX, hau©«, gpizmmomt (elisa) s^v^x. 

Ltzo 

mcom (ELISA) *fir>tzo CO^^g 5 (I^to 



iS5 


Steffi 




1IAU 


rgpl2« in g/m!) 


CV-1 


96 


32 


2.5 


LLCMK2 


48 


16 


0.5 


CHO 


55 


4 


0.46 


NIH3T3 


48 


4 


0.25 


MT4 


24 


16 


0.8 


MOLT4' 


24 


16 


1.2 



mm,m 7 ] > 5 w g 2 * -ft a l fe;i/ > 7 x ^ 

^^^-^Affl0^^7x7--fe'jgfi^$#l^-r2,feft v t-^^-7_ (5'-AAG 
CGGCCGCCAAAGTTCACGATGGAAGAC-3' ( 30mer ) ) (UVm^ : 3) SlN'T^-Tv- (5 
' -TGCGGCCGCGATGAACTTTCACCCTAAGTTTTTCTTACTACGGATTATTACAATTTGGACTTTCCGCCC- 
3'(69mer)) (iE?iJ§-ff : 4) £fflV\ £SM£LT r p HvluciRT4j £fflV^T> 
W ft PCR& £ J: 0 p5*8 t Not I »ffi<Dft JD L ;i/ 7 x ^ - V&fc? £ # &(£ U tz o & 
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fc-fe^'f «M;i/7^7*-£#fco LLCMK2«MAU «W8WC 

SSbfc. «WW®bA7KBI£tfJDfc»K &PBS(-)T-2[s]»U ""lysis buf 
ferj (Picagene WACO) 25//l£«U £ < fi#UC ^ e> 15000rpmT-2MiS^ 
bfco *©±»*5jul*a»U M (IATRON) 50/zl^iJlOU 96-? x^ri^- 
hfcAfU (Luminous CT-9000D.DIA-IATR0N) 
bfco rStttt. cps (counts per second) tllbfco Jg&&24rai 

©cv-iiiiis-e. »^>7i7- fe'rsti^ai^tifc (fg6) 0 &*>\ 

rseVj -e*bT&3) o Hfcfct 2 7 D->©$tB££jfl£^ bfco 

3<6 



ii'cit5iiii£(countsA0scc) 






CV-1 (iSifeS 24 DZ/PJ] 0 ) 


Luc/ScV 
ScV 


669187 
2891560 
69 
23 


R707815 

48 

49 





(-) §IRNA "W ;i/7 cDNA <fc < £^:*&-?£m j 5f&-f £^£5£&^ 
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mm^ : i 
mmoM.$ : 3 8 
mm<om •. 

TGCGGCCGCC GTACGGTGGC AATGAGTGAA GGAGAAGT 38 

mvm^ : 2 

le^ij©^^ : 6 9 

bb?>j 

ttgcggccgc gatgaacttt caccctaagt ttttvttact acggcgtacg tcatcttttt 60 

TCTCTCTGC 69 

mmm^ : 3 

: 3 0 

iE^'JOS : 

h^o^— : ggltt 
IlflJCDfflB : flb©«K £$DNA 
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AAGCGGCCGC CAAAGTTCAC GATGGAAGAC 30 

KFJIS^ : 4 

: 6 9 

$|CD& : 

: ttKDmm. ^dna 

TGCGGCCGCG ATGAACTTTC ACCCTAAGTT TTTCTTACTA CGGATTATTA CAATTTGGAC 60 
TTTCCGCCC 69 
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1. e»**WfSftJ£© (-) tmk*4 KXttoXtZWIit. 

2. 8£©m^;V*###ffl53J (-) »^;«T^5Zfc^l!i:1-5 

i fattott^»o 

In^RNAo 

5. »#©«5ffl4iB«©RNAfc, -fe >^>f ;i^E&#©HE&£3iifcH'W »Z 

6. !»*©IEH4i3«R©ENA!£KKmrt*fcH:«lliai*lTlc^rsc:i:©Tg5afS 
DNAfc^trDNAo 

7. a^#rtt^*n5mw*ttae^*#tr^fcs^iai:-r5Sg^©fEffli 
~3£fctt5©i*rnfr£SE«©«£#. 

*fctt5tciBtt©ffi^#o 

9 . ^Jfettafi^ *^tri tZftWLtt Sat^©tQffl4 (IBE^ORNA 

1 0. ^t$a^S^tfCi:4!Rfg!ti:1-S^©$5a6(wiB«©DNA 0 

1 1. RNAtt^ttBXAIUttftMrSXM^tr, »*©«Hl-3, 5, 7Sfc 

8 ©v^-rn^{ri3«©^^(i^^nsRNA©ismg^io 
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13. m#<D&mi~3. 5, 7Sfei±8©^"fnfrtsBttoa^flc©, 

H— ® *> ©fcitM b -5 5 - 2: 2: 1" Sit #©«SH l 2 tcia^£>?&£o 

14. ■M&fca#TS«l& fctttt«30#-Cfc££fc 
*^BSk1-5»*©l£Hl 2£fcttl 3tci3«©?&£o 

1 5. »«?L!^T-fe2)C:i:^^gi[i:-r5ll5l<c7)lESIl 4£IE«©lS£o 

1 6. ZZt*ttWLtTZtll$.<?>V£m 1 4£IE«©1&£«> 

2 0. 4 JVXOmtt, NPiifE^, P/Citfe-?*^ Lilted 

2 2. *?4 ftXOmtt, Fitted, HNitfc^, NP&fc^, p/cjse^* 

MttsaMll 7~2 2©^1"ixfrfcSB«®l&±o 

2 4. K}tl* s iif?L^T-$)€)C:2i^^2:-r5Bl5ie©$EH2 3(cf2«©?tio 
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2 5. »«94»A»Tf*S^fc*«fafc1-S»*©«H2 3fc83«©££o 

2 6. a)^3cOlBHl~3, 5, 7 £tzl*8<D^tnMzmmo&'&mz<g£ti 
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NEGATIVE STRAND RNA VIRAL VECTOR HAVING 



AUTONOMOUS REPLICATION CAPABILITY 

Field of the Invention 

The present invention relates to a viral vector for the gene therapy. More 
specifically, this invention relates to a negative strand RNA viral vector. 

Background of the Invention 

As to the gene therapy for humans and animals, therapeutic effectiveness 
and safety are very important factors. Especially, therapy performed by using "viral 
vector" expressing a foreign gene of concern which is obtained by gene 
recombination of the viral genome and the foreign gene needs to be very 
cautiously carried out, when such undeniable possibilities exist as that the 
recombinant virus may be inserted to unspecified sites of chromosomal DNA, that 
the recombinant virus and pathogenic virus may be released to the natural 
environment, and that the expression level of gene transfected into cells cannot be 
controlled, or the like, even though its therapeutic effectiveness is recognized. 

These days, a great number of gene therapies using recombinant viruses are 
performed, and many clinical protocols of gene therapy are proposed. 
Characteristics of these recombinant viral vectors largely depend on those of the 
viruses from which said vectors are derived. 

The basic principle of viral vector is a method for transferring the desired 
gene into targeted cells by utilizing the viral infectivity. By "infectivity" in this 
specification is meant the "capability of a virus to transfer its nucleic acid, etc. into 
cells through its adhesiveness to cells and penetrating capability into cells via 
various mechanisms including fusion of the viral membrane and host cellular 
membrane". With the surface of recombinant viral vectors genetically manipulated 
to insert a desired gene are associated the nucleocapsid and envelope proteins, 
etc. which are derived from the parental virus and confer infectivity on the 
recombinant virus. These proteins enable the transfer of the enclosed recombinant 
gene into cells. Such recombinant viral vectors can be used for the purpose of not 
only gene therapy, but also production of cells expressing a desired gene as well 
as transgenic animals. 

Viral vectors are classified into three classes comprising the retroviral vector, 
DNA viral vector and RNA viral vector. 

These days, the vectors most frequently used in gene therapy are retroviral 
vectors derived from retroviruses. Retroviruses replicate through the following 
processes. First, upon penetration into cells, they generate complementary DNAs 
(cDNAs) using their own reverse transcriptase as at least part of catalysts and their 
own RNA templates. After several steps, said cDNAs are incorporated into host 
chromosomal DNAs, becoming the proviruses. Proviruses are transcribed by the 
DNA-dependent RNA polymerase derived from the host, generating viral RNAs, 
which is packaged by the gene products (proteins) translated from the RNAs. The 
RNAs and proteins finally assemble to form mature virus particles. 

In general, retroviral vectors used in gene therapy, etc. are capable of 



1 



carrying out processes up to provirus generation. However, they are deficient 
viruses deprived of genes necessary for their packaging of the progeny genome 
RNA so that they do not form viral particles from provirus. Retroviruses are 
exemplified by, for example, mouse leukemia virus, feline leukemia virus, baboon 
type C oncovirus, human immunodeficiency virus, adult T cell leukemia virus, etc. 
Furthermore, recombinant retroviral vectors hitherto reported include those derived 
from mouse leukemia virus [see Virology, 65, 1202 (1991), Biotechniques, 9, 980 
(1989), Nucleic Acids Research, 18, 3587 (1990), Molecular and Cellular Biology, 
7, 887 (1987), Proceedings of National Academy of Sciences of United States of 
America, 90, 3539 (1993), Proceedings of National Academy of Sciences of United 
States of America, 86, 3519 (1989), etc.] and those derived from human 
immunodeficiency virus [see Journal of Clinical Investigation, 88, 1043 (1991)], etc. 

Retroviral vectors are produced aiming at efficiently inserting a desired 
specific DNA into the cellular chromosomal DNA. However, since the insertion 
position of the DNA is unpredictable, there is undeniable possibilities such as the 
damage of normal genes, activation of oncogene and excessive or suppressive 
expression of desired gene, depending the position of insertion. In order to solve 
these problems, a transient expression system using DNA viral vectors which can 
be used as extrachromosomal genes has been developed. 

DNA viral vectors are derived from DNA viruses, having DNA as genetic 
information within viral particles. Replication of said DNA is carried out by 
repeating the process of generating complementary DNA strand using DNA- 
dependent DNA replicase derived from host as at least one of catalysts with its 
own DNA as template. The actual gene therapy using adenoviral vector, a DNA 
viral vector usable as extrachromosomal gene, is exemplified by the article in 
[Nature Genetics, 3, 1-2 (1993)]. However, since, in the case of DNA viral vectors, 
the occurrence of their undesirable recombination with chromosomal DNA within 
nucleus is also highly possible, they should be very carefully applied as vectors for 
gene therapy. 

Recently, RNA viral vectors based on RNA viruses have been developed as 
conceivably more safer vectors than DNA and retroviral vectors described above. 
RNA viruses replicate by repeating the processes for generating complementary 
strands using their own RNA-dependent RNA replicase as the catalyst with their 
own RNA as template. 

The genome RNA of positive strand RNA viruses have dual functions as the 
messenger RNA (hereafter simply called mRNA), which generate proteins, 
depending on the translational functions of host cells, necessary for the replication 
and viral particle formation and as the template for genome replication. In other 
words, the genome RNA itself of positive strand RNA viruses has a disseminative 
capability. In the present specification, by "disseminative capability" is meant "the 
capability to form infectious particles or their equivalent complexes and 
disseminate them to other cells following the transfer of nucleic acid into host cells 
by infection or artificial techniques and the intracellular replication of said nucleic 
acid". Sindbis virus classified to positive strand RNA viruses and Sendai virus 
classified to negative strand RNA viruses have both infectivity and disseminative 
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capability. Adeno-satellite virus classified in Parboviruses is infectious but not 
disseminative (mixed infection with adenovirus is required for the formation of viral 
particles.). Furthermore, the positive strand RNA derived from Sindbis virus which 
is artificially transcribed in vitro is disseminative (forming infectious viral particles 
when transfected into cells), but neither positive nor negative RNA strands of 
Sendai virus artificially transcribed in vitro is disseminative, generating no infectious 
viral particles when transfected into cells. 

In view of the advantage that the genome RNA functions as mRNA at the 
same time, the development of RNA viral vectors derived from positive strand RNA 
viruses preceded [see Bio/Technology, 11, 916-920 (1993), Nucleic Acids 
Research, 23, 1495-1501 (1995), Human Gene Therapy, 6, 1161-1167 (1995), 
Methods in Cell Biology, 43, 43-53 (1994), Methods in Cell Biology, 43, 55-78 
(1994)]. For example, RNA viral vectors derived from Semliki forest virus (SFV) 
[Bio/Technology, 1 1 , 916-920 (1993)] and Sindbis virus are basically of the RNA 
structure wherein the structural protein gene regions related to the viral structure 
are deleted, and a group of genes encoding proteins necessary for viral 
transcription and replication are retained with a desired foreign gene being linked 
downstream of the transcription promotor. Direct transfer of such recombinant 
RNA or cDNA which can transcribe said RNA [Nucleic Acids Research, 23, 1495- 
1501 (1995)] into cells by microinjection, etc. allows autonomous replication of 
RNA vectors containing the foreign gene, and the transcription of foreign gene 
inserted downstream of the transcription promotor, resulting in the expression of 
the desired products from the foreign gene within cells. Furthermore, the present 
inventors succeeded in forming an infectious but not disseminative complex by the 
co-presence of cDNA unit (helper) for expressing the viral structural gene and that 
for expressing said RNA vector in the packaging cells. 

Positive strand RNA viral vectors are expected to be useful as RNA vectors 
with autonomous replicating capability, but their use as vectors for gene therapy 
poses the following problems. 

1. Since they are of the icosohedral structure, the size of foreign gene allowed 
to be inserted is limited to 3,700 nucleotides at most. 

2. Until nucleic acids are released from the packaged complex into the cell 
and replicated, as many as five processes are required, including cellular adhesion, 
endocytosis, membrane fusion, decapsidation and translation of replication 
enzymes. 

3. A possible formation of disseminative viral particles even in a minute 
quantity during packaging cannot be denied. Especially, even with attenuated viral 
particles, the inside RNA itself has disseminative potency and may belatedly be 
amplified, making it difficult to check. 

4. Since these vectors are derived from viruses transmitted to animals by 
insects such as mosquitoes, when animals and humans to which such vector 
genes are transferred and are mix-infected with wild type viruses, disseminative 
recombinants may be formed, possibly further creating a risk of said recombinants 
being scattered to the natural environment by insects. 
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Such problems described above are conceived to be basically overcome if 
RNA viral vectors derived from negative strand RNA viruses are constructed. That 
is, since negative strand RNA viruses do not have the capsid of icosohedral 
structure but have a helical nucleocapsid, and also since the envelope size of 
particles is known to vary depending on the inside RNA content, they are supposed 
to be much less restricted, compared with positive strand RNA viruses, with 
respect to the size of foreign genes to be inserted when used as RNA viral vectors. 
Further, since a group of proteins required for transcription and replication are 
packaged into particles, only two processes are required, including cellular 
adhesion and membrane fusion, until nucleic acids are replicated. Furthermore, 
viral RNA alone is not disseminative. In addition, most of negative strand RNA 
viruses are not transmitted by insects. 

In spite of many advantages of negative strand RNA viruses which may be 
used as the source of industrially useful viral vectors, no negative strand RNA 
vectors applicable for gene therapy has become available until now. This is 
probably due to tremendous difficulties in re-constituting viral particles via viral 
cDNA Since the gene manipulation on the DNA level is required to insert foreign 
genes into vectors, so far as viral particles are not reconstructed from viral cDNA 
with a foreign gene inserted, it is difficult to use negative strand RNA viruses as a 
vector. "Reconstruction of viral particles" refers to the formation of the original 
virus or a recombinant virus in vitro or intracellular^ from artificially prepared cDNA 
encoding the viral RNA genome. 

As described above, it has been clearly demonstrated that, even if the viral 
RNA (vRNA) of negative strand RNA viruses or its complementary strand RNA 
(cRNA; complementary RNA) alone is transferred into cells, no progeny virus can 
be generated. This is a definitely different point from the case of positive strand 
RNA viruses, whose RNA can initiate viral life cycle and generate progeny viruses, 
when transferred into cells. Although, in JP-A-Hei 4-21 1377, "methods for 
preparing cDNA corresponding to a nonsegmented negative strand RNA viral 
genome and infectious negative strand RNA virus" are described for measles virus, 
a paramyxovirus, the entire experiments of said document described in "EMBO. J., 
9, 379-384 (1990)" were later proved to be not reproducible, so that the authors 
themselves had to withdrew all the article contents [ref. EMBO. J., 10, 3558 
(1991)]. Therefore, it is obvious that techniques described in JP-A-Hei 4-21 1 377 
for another paramyxovirus, Sendai virus, do not correspond to the related art of the 
present invention. 

With regard to the reconstitution system for negative strand RNA viruses, 
there are reports on influenza virus [Annu. Rev. Microbiol., 47, 765-790 (1993); 
Curr. Opin. Genet. Dev., 2, 77-81 (1992)]. Influenza virus is an eight-segmented 
negative strand RNA virus. According to these literatures, a foreign gene was first 
inserted to a cDNA corresponding to one of said segments, and the RNA 
transcribed from the cDNAs is assembled with the virus-derived NP protein and 
RNA polymerase proteins to form an RNP. Then, cells are transfected with this 
RNP and superinfected with an appropriate intact influenza virus. A reassortant 
virus emerges, in which the corresponding segment is replaced with the 
engineered segment, which can be selected under apporopriate pressures. Several 
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years later, virus-reconstitution entirely from cDNA of nonsegmented negative 
strand RNA virus was reported with rabies virus belonging to rhabdoviruses [EMBO 
J. 13,4195-4202(1994)]. 

However, it has been difficult to use these virus reconstitution techniques as 
such for constructing vectors for gene therapy because of the following problems. 

1 . Reconstituted viruses were identified only by the expression of marker 
gene, RT-PCR, etc. No reconstitution system for the production of vector viruses 
in a satisfactory yield has been established. 

2. Differing from the case of positive strand RNA viruses, in order to form 
complexes with infectivity but deficient in disseminative potency as vectors for gene 
therapy, it is necessary to enclose factors required for primary transcription and 
replication within the complex. No technique for amplifying these complexes in a 
large scale has been established. 

3. For the purpose of intracellular^ providing factors necessary for viral 
reconstitution, cells to which cDNAs are introduced are mix-infected with helper 
viruses such as recombinant vaccinia virus, etc. to allow transcription of the 
plasmids supplying those viral protein factors in trans. It is not easy to separate 
these natural type viruses from the recomstituted viruses. 

Furthermore, as one problem with regard to RNA viral vectors in general, it is 
conceivably necessary to beforehand provide inhibitors for replication of RNA viral 
vectors which have no effects on host's replication and transcription, providing for 
the case where RNA replicated and transcribed in large amounts exerts 
undesirable effects on treated humans and animals. However, no such inhibitors 
have been developed. 

Summary of the Invention 

Objects of the present invention are to develop negative strand RNA viral 
vectors for practical use, methods for efficiently preparing said vectors, and 
inhibitors for the replication of said vectors. 

The present inventors first attempted to reconstitute Sendai virus from nucleic 
acids of said virus which is a typical nonsegmented, negative strand RNA virus, 
and conceived to be industrially most useful as a vector from the viewpoints of 
safety and convenience. First, in order to apply to the reconstitution test, various 
investigations were performed using cDNA encoding a Sendai virus minigenome 
as experimental materials. A cDNA plasmid was constructed so that the Sendai 
virus protein coding region of about 14 kb is replaced with a reporter luciferase 
gene and this construct is flanked by T7 promoter and hepatitis delta virus 
ribozyme gene. As a result, the inventors found efficient conditions regarding 
weight ratios among materials to be transferred into host cells, including 
minigenome cDNA, cDNAs encoding the nucleocapsid protein (N), the large 
protein (L), and the phosphoprotein (P), and minimizing cytotoxicity induced by the 
recombinant vaccinia virus to provide the T7RNA polymerase. The N protein 
encapsidate the naked viral RNA to form the RNP, which is now active as the 
template for both viral mRNA synthesis and viral replication. Furthermore, the 
present inventors obtained full-length cDNAs corresponding to both positive and 



5 



negative strands, constructed plasmids for inducing the intracellular biosynthesis of 
either positive strand RNA (antigenome or cRNA) or negative strand RNA (genome 
or vRNA) of Sendai virus, and transferred said plasmids into host cells wherein N, 
P and L proteins from the respective cotransfected plasmids were expressed As 
a 'result, the inventors first succeeded in re-constructing Sendai virus particles from 
cDNAs derived thereof. 

That is, the present invention comprises the followings. 

1 A complex comprising an RNA molecule derived from a specific 
disseminative negative strand RNA virus and viral structural components 
containing no nucleic acids, having the infectivity and autonomous RNA replicating 
capability, but deficient in the disseminative capability. 

2. The complex of description 1, wherein said specific RNA virus is a negative 
strand RNA virus having non-segmented genome. 

3. The complex of description 2, wherein said specific RNA virus is Sendai 

virus. 

4 An RNA molecule comprising Sendai viral RNA (vRNA) or its 
complementary RNA (cRNA), wherein said RNA molecule is defective in that at 
least one or more than one gene coding for each of the M, F and HN proteins are 
deleted or inactivated. 

5 A complex comprising the RNA of description 4 and viral structural 
components containing no nucleic acids derived from Sendai virus, having the 
infectivity and autonomous RNA replicating capability, but deficient in the 
disseminative capability. 

6. A DNA molecule comprising a template DNA transcribable to the RNA 
molecule of description 4 in vitro or intracellular^. 

7. The complex of any one of descriptions 1-3 or 5, wherein the RNA 
molecule contained in said complex comprises a foreign gene. 

8. The complex of descriptions 3 or 5, wherein the RNA molecule contained in 
said complex comprises a foreign gene. 

9. The RNA molecule of description 4 comprising a foreign gene. 

10. The DNA molecule of description 6 comprising a foreign gene. 

1 1 An inhibitor for RNA replication contained in the complex of any one of 
descriptions 1-3, 5, 7 or 8 comprising an inhibitory drug for the RNA-dependent 
RNA replication. 

12. A host whereto the complex of any one of descriptions 1-3, 5, 7 or 8 can 
disseminate. 

13. The host of description 12 comprising a group of genes related to the 
infectivity of the complex of any one of descriptions 1 -3, 5, 7 or 8 on its 
chromosomes, and capable of replicating the same copies of said complex when 
infected with it. 

14. The host of descriptions 12 or 13, wherein said host is animals, or cells, 
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tissues, or embryonated eggs derived from it. 

15. The host of description 14 wherein said animal is mammalian. 

16. The host of description 14 wherein said animal is avian. 

17. A host comprising a group of genes related to the infectivity of the 
complex of any one of descriptions 3, 5 or 8 on its chromosomes, and capable of 
replicating the same copies of said complex when infected with it. 

18. A host comprising at least more than one gene of the M, F and HN genes 
of Sendai virus or genes having functions equivalent to them on its chromosomes. 

19. A host comprising the M, F, or HN gene of Sendai virus or each of their 
functionally equivalent genes on its chromosomes. 

20. A host comprising the M, NP, P and L genes of Sendai virus on its 
chromosomes (wherein each gene may be substituted with its functionally 
equivalent gene, respectively). 

21. A host comprising the M, F and HN genes of Sendai virus on its 
chromosomes (wherein each gene may be substituted with its functionally 
equivalent gene, respectively). 

22. A host comprising the M, F, HN, NP, P and L genes of Sendai virus on its 
chromosomes (wherein each gene may be substituted with its functionally 
equivalent gene, respectively). 

23. The host of any one of descriptions 17-22, wherein said host is animal, or 
cell, tissue or egg derived from it. 

24. The host of description 23, wherein said animal is mammalian. 

25. The host of description 23, wherein said animal is avian. 

26. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of descriptions 1-3, 
5, 7 or 8, or cRNA of said RNA, or a unit capable of biosynthesizing said RNA or 
said cRNA, 

b. a group of enzymes required for replicating said RNA or said cRNA, or a 
unit capable of biosynthesizing said group of enzymes, and 

c. a group of proteins related to the infectivity of said complex, or a unit for 
biosynthesizing said group of proteins. 

27. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of descriptions 1-3, 
5, 7 or 8, or cRNA of said RNA, or a unit capable of biosynthesizing said RNA or 
said cRNA, 

b. a group of enzymes required for replicating said RNA or said cRNA, or a 
unit capable of biosynthesizing said group of enzymes, and 

c. the host of any one of descriptions 12-25. 

28. A kit consisting of the following two components, 



7 



a. the complex of any one of descriptions 1-3, 5, 7 or 8, and 

b. the host of any one of descriptions 1 2-25. 

29. A kit consisting of the following three components, 

a the RNA molecule contained in the complex of any one of descriptions 3, 5 
or 8, or cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said 
cRNA, 

b. all NP, P and L proteins of Sendai virus, or a unit for biosynthesizing said 
group of proteins, and 

c. a group of proteins related to the infectivity of said complex, or a unit for 
biosynthesizing said group of proteins. 

30. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of descriptions 3, 5 
or 8, cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said 
cRNA, 

b. all NP, P and L proteins of Sendai virus, or a unit capable of 
biosynthesizing said group of proteins, and 

c. the host of any one of descriptions 17-25. 

31 . A kit consisting of the following two components, 

a. the complex of any one of descriptions 3, 5 or 8, and 

b. the host of any one of descriptions 17-25. 

32. A method for producing the complex of any one of descriptions 1-3, 5, 7 
or 8 by introducing three components of descriptions 26a, 26b and 26c into a host. 

33. A method for producing the complex of any one of descriptions 1-3, 5, 7 
or 8 by introducing both components of descriptions 27a and 27b into the host of 
description 27c. 

34. A method for amplifying and producing the complex of description 28a by 
transfecting said complex to the host of description 28b. 

35. A method for producing the complex of any one of descriptions 3, 5 or 8 
by introducing the three components of descriptions 29a, 29b and 29c into a host. 

36. A method for producing the complex of any one of descriptions 3, 5 or 8 
by introducing both components of descriptions 30a and 30b into the host of 
description 30c. 

37. A method for amplifying and producing the complex of description 31a by 
transfecting said complex into the host of description 31b. 

38. The RNA molecule of description 9 wherein a gene corresponding to the 
M, F, or HN gene is deleted or inactivated. 

39. The RNA molecule of description 9 wherein all the genes corresponding 
to the M, F and HN genes are deleted or inactivated. 
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40. A kit consisting of the following three components, 

a. the RNA molecule of description 38, 

b. the host of description 20, and 

c. the host of description 19. 

41 . A method for producing a complex by introducing the RNA molecule of 
description 40a into the host of description 40b, and amplifying and producing said 
complex by transfecting it into the host of description 40c. 

42. A complex produced by the method of description 41 . 

43. A kit consisting of the following three components, 

a. the RNA molecule of description 39, 

b. the host of description 22, and 

c. the host of description 21 . 

44. A method for producing a complex by introducing the RNA molecule of 
description 43a into the host of description 43b, and amplifying and producing said 
complex by transfecting it into the host of description 43c. 

45. A complex produced by the method of description 44. 

46. An inhibitor for RNA replication contained in the complex of either 
descriptions 42 or 45 comprising an inhibitory drug of the RNA-dependent RNA 
replication. 47. A method for preparing the foreign proteins, wherein said 
-method comprises the process of introducing the complex of description 7 to a host 
and the process of recovering the expressed foreign proteins. 

48. A method for preparing the foreign proteins of description 47, wherein the 
host is a cell expressing a group of genes, from among those related to the 
disseminative capability, which are deficient in the RNA molecule contained in the 
complex of description 7. 

49. A culture medium or allantoic fluid containing the expressed foreign 
proteins, wherein said culture medium or allantoic fluid is obtained by inoculating 
the complex of description 7 into a host and recovering it. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of a process for generating complexes 
of the present invention from cDNA deficient in the M gene of Sendai virus (step A) 
amplifying said complexes in an M-expressing cell (step B), and replication of said 
complexes in a normal cell (step C). 

Figure 2 is a schematic representation of the construction of a 
pUC18/T7(+)HVJRz.DNA. 

Figure 3 is a schematic representation of the construction of a pUC18/T7(- 
)HVJRz.DNA. 

Figure 4 is a graphical representation showing the relationship between the 
time after the infection of SeVgp120 into CV-1 cells and levels of HAU and gp120 
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expression. 

Detailed Description of the Invention 

Any negative strand RNA viruses with disseminative capability may be used 
as materials in the present invention. Although incomplete viruses such as 
defective interfering particles (Dl particles) and synthetic oligonucleotide may also 
be used as partial materials, in general, they must have the base sequence 
equivalent to that of the virus with disseminative capability. Negative strand RNA 
viruses of the present invention include, for example, Sendai virus, Newcastle 
disease virus, mumps virus, measles virus, respiratory syncytial virus, rinderpest 
virus of cattle and canine distemper virus of Paramyxoviridae, influenza virus of 
Orthomyxoviridae, vesicular stomatitis virus and rabies virus of Rhabdoviridae. 

As the negative strand viral material, recombinant negative strand viruses 
derived from any viruses described above and retaining the disseminative 
capability may be used. For example, the recombinant negative strand virus may 
be the one with the gene for the immunogenicity inactivated or a partial region of 
gene altered to enhance the efficiency of RNA transcription and replication. 

RNAs contained in the RNA-protein complex of the present invention can be 
obtained by transcribing modified cDNAs derived from any viruses or recombinant 
viruses described above in vitro or intracellular^. In RNAs thus obtained, at least 
one gene related to the disseminative capability of the original virus must be 
deleted or inactivated, but the gene related to the autonomous replication should 
not. In addition, RNA molecules with artificial sequences, which are obtained by 
transcribing, in vitro or intracellular^, DNA formed by inserting the genes for the 
autonomous replication into cDNA having both terminus structures of the virus 
genome may be also used. 

As described above, in the case of Sendai virus, "the genes related to 
autonomous replication" refer to the NP, P and L genes, and "the gene related to 
the disseminative capability" refers to any one of the M, F and HN genes. 
Therefore, the RNA molecule of Sendai virus Z strain deficient only in the M gene, 
for example, is suitable as a component contained in the "complex" of the present 
invention. Also, the RNA molecule having all the M, F and HN genes deleted or 
inactivated are also preferable as the component contained in the "complex" of the 
present invention. On the other hand, it is necessary for the genes encoding the 
NP, P and L proteins to be expressed from RNA. However, the sequences of 
these genes are not necessarily the same as those of virus, and may be modified 
by introducing variations, or replacing by the corresponding gene derived from 
other viruses, so far as the transcription and replication activity of the resulting RNA 
is similar to or higher than that of the natural one. 

"Virus structural component free of nucleic acid" of the present invention 
includes, for example, virus with only its RNA removed. As such structural 
component is used the one which complements the infectivity and autonomous 
replicating capability at the early stage, but not the disseminative capability. In the 
case of Sendai virus, the complex composed of its RNA with only the M gene 
deleted, and Sendai virus having only its RNA deleted have the infectivity and 
autonomous replicating capability, but no disseminative capability. Complex may 



10 



contain other components so long as it is provided with no disseminative capability. 
For example, complex may contain adhering molecule, ligand, receptors, etc. on its 
envelope surface for facilitating the adherence to specific cells. 

The RNA molecule contained in the complex can have an inserted foreign 
gene at its appropriate site. In order to express a desired protein, the foreign gene 
encoding said protein is inserted. In the case of Sendai viral RNA, a sequence of 
bases of 6 multiplication in number is preferably inserted between sequences R1 
(5'-AGGGTCAAAGT-3') and R2 (5'-GTAAGAAAAA-3') [Journal of Virology, Vol. 67, 
No. 8 (1993), p.4822-4830]. Levels of expression of the foreign gene inserted into 
RNA can be regulated by virtue of the site of gene insertion and the base sequence 
flanking the inserted foreign gene. For example, in the case of Sendai viral RNA, it 
is thought that there are increasing levels of expression of the inserted gene with 
decreasing distance of said gene from the 3' terminal promoter, whose length has 
not been precisely defined yet. Preferred host cells for the introduction of the 
complex to express in high quantities desired proteins are those expressing genes 
deleted in the RNA molecule composed of said complex. For this, transgenic avian 
eggs expressing said genes are most preferable for preparing proteins in large 
quantities because said genes complement the defects of the virus, facilitating the 
virus production and thus yielding the inserted gene product in high quantities in 
the allantoic fluid. Also, proteins thus expressed can be recovered from the culture 
medium when the avian cells are cultured in vitro. In Examples 5 and 6 is used a 
disseminative complex in place of non-disseminative complex of the present 
invention. However, it will be clear to those skilled in the art that similar results are 
obtained with the complex of the present invention as with the disseminative 
complex in these examples when "cells expressing genes deleted from among 
genes for disseminative capability in the RNA molecule contained in the complex" 
are used as host cells. 

The present inventers have confirmed that, for the efficient reconstitution of 
Sendai virus particles, cDNA to be introduced into cells must be in the circular form 
rather than in the linear form, and, for viral particle formation at a high efficiency, 
the transcription of the positive strand RNA is preferred to that of the negative 
strand RNA within cells. Although these conditions may not necessarily be 
applicable to the reconstitution of all other negative strand RNA viruses, it is 
possible to search for appropriate conditions for the reconstitution of other negative 
strand RNA viruses based on the disclosure of the present invention and 
conventional technology, indicating a possibility for establishing techniques to 
produce basic materials of desired negative strand viral vectors, that is, the viral 
reconstitution systems. 

Sendai virus reconstitution can be initiated following transfection with full- 
length viral RNA, either negative or positive sense, that has been synthesized in 
vitro from the cDNAs. This indicates that, if cells which express all viral proteins (N, 
P, and L) required for initial transcription, replication, and encapsidation are 
constituted, the recombinant Sendai virus, eventually complexes described above 
can be formed entirely without using helper viruses such as vaccinia virus. Since 
cells which express all the three viral proteins required for initial transcription, 
replication, and encapsication were already described [J. Virology, 68, 8413-8417 
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(1994)], those skilled in the art may form such complementing cells. The cell type 
described in said reference are the one derived from the 293 cell line which carries 
three of Sendai virus genes, namely NP, P, and L, on its chromosome, expressing 
proteins encoded by the three genes, NP, P, and L. 

From numerous examples of viral vectors, if viral particles can be efficiently 
reconstructed from nucleic acids, it is obvious that those skilled in the art are able 
to readily exchange a desired viral gene, insert a foreign gene, or inactivate or 
delete a desired gene. For example, an article on the use of Dl (defective 
interfering) particles [J. Virol., 68, 8413-8417 (1994)] clearly indicates that, when 
Sendai virus RNA devoid of most of the protein-conding region but intact in its 
promoter sequences at both termini can be replicated in cells, if group of enzymes 
(L and P proteins) necessary for transcription and replication and the structural 
protein N to encapsidate the viral RNA are provided simultaneously in the cells. 
Therefore, once an RNA molecule containing a foreign gene transcribed from 
"specific viral cDNA deficient in at least a part of structural genes but normal in 
genes coding for N, P, and L, begins to be replicated by N, P, and L coexpressed 
by the cotransfected plasmid cDNAs, a virus particle will be formed, which is 
infectious to and autonomously replicating in a new cell, but deficient in the 
disseminative potency, and can express the foreign gene. Such complexes are 
extremely useful as a vector for gene therapy. That is, in the present invention, 
with a negative strand RNA virus, it becomes possible to prepare complexes which 
are infectious as well as autonomously replicative to express a foreign gene but is 
deficient in the disseminative potency. 

Such complexes defective in certain viral genes can be recovered and 
amplified from cells which express the corresponding (to the deleted genes) 
structural proteins to complement the defects of the recombinant virus genes. 
Taking embryonated avian eggs into consideration as the most suitable host for 
proliferating such a defective, recombinant Sendai virus to a high titer, it is 
considered that transgenic avians, their eggs and cells which carry at least one or 
more genes out of M, F and HN genes of Sendai virus on chromosome are suitable 
for amplifying the complexes. Methods for preparing transgenic avians have been 
reported [Poultry Sci., 65, 1445-1458 (1986); Bio/Technology, 12, 60-63 (1994)], 
and those skilled in the art should appropriately produce transgenic birds carrying 
at least one or more genes out of M, F and HN genes on their chromosomes. 

The present invention also provides a method for preparing the complex 
described above. In the following, cases related to Sendai virus are exemplified. 
Genome of Sendai virus Z is a single stranded RNA comprising 15384 nucleotides. 
Its entire base sequence has been determined from cDNA clones prepared by 
using reverse transcriptase [Nucleic Acids Research, 11, 7313-7330 (1983); 
Nucleic Acids Research, 12, 7965-7972 (1984); Nucleic Acids Research, 14, 1545- 
1563 (1986)]. Since its genome RNA is a negative strand, a group of enzymes and 
proteins are required to transcribe the genome. The newly made proteins (N, P, 
and L) from the primary transcripts replicate and encapsidate the nascent 
antigenomic RNA strand. This antigenome, in turn, is replicated to a new genome 
strand by the same N, P, and L proteins. At least six proteins including NP, P, M, F, 
HN, and L are known as proteins encoded by the genome RNA. It has been 
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elucidated that, of these proteins, NP, P and L are factors essential and sufficient 
for replication [Journal of Virology, 68, 8413-8417 (1994)], and M, F and HN are 
components necessary for constructing the viral structure. Based on these facts, 
when a specific RNA virus from which RNA is derived is Sendai virus, it is possible 
to reconstruct an infectious complex by transferring both 1) cDNA transcribable to 
RNA and a gene encoding the RNA polymerase necessary for transcribing said 
RNA within cells or 2) an RNA molecule itself transcribed from said cDNA in vitro 
into cells wherein all the genes for the autonomous replication, NP, P, and L, and a 
group of genes, out of M, F and HN genes, that had been deleted to restrict cell to 
cell dissemination, are expressed. In this case, all these transacting genes, NP, P, 
L, M, F, and HN, may be transiently expressed by transfecting cells with the 
plasmids coding for the respective genes. However,genes related to disseminative 
capability at least are preferably incorporated into cellular 

chromosomes to be stably expressed. 

The complex reconstituted as above can be produced to a high titer, by 
infecting cells which express genes, one or some of M, F, and HN genes, which 
had been deleted in the recombinant virus. Transgenic avian eggs expressing said 
group of genes are preferable for this purpose to produce the complex in a large 
scale. 

In addition, M, F, and HN genes expressed in cells and animals are not 
necessarily of the wild-type Sendai virus. Any of those with functions equivalent to 
those of the wild- type will be usable. That is, any gene may be used where said 
gene has complementarity to the function of Sendai virus gene deleted to make the 
virus nondeseminating. Preferable cells to be used are host cells for Sendai virus. 
Any cells can be theoritically used, if they are sufficiently susceptible to and 
permissive for Sendai virus infection and replication, to express M, F, and/or HN 
genes, and complement the defect of the recombinant Sendai virus intracellular^ 
produced. 

Hitherto only the enhancement of expression efficiency has been emphasized 
with conventional RNA virus vectors, and little efforts have been made for 
developing compounds to suppress the RNA replication to prevent unfavorable 
results due to excessive expression. 



As the "RNA replication inhibitor" of the present invention, any drugs to inhibit 
RNA-dependent RNA replication may be applied, and, for example, Ribavirin, 
TJ 13025, etc. are used. Such replication inhibitors are effective, for example, 
when health deterioration is noticed with the cellular amplification of recombinant 
RNA, or when the down-regulation of intracellular expression of foreign genes 
derived from recombinant RNA is required. 

As an embodiment of the present invention, processes for reconstituting the 
complex of the present invention from cDNA with the M gene deleted of Sendai 
virus (steps A-B), and those for amplifying said complex (steps B-C) are shown in 
Fig. 1. 

In the following, the present invention will be concretely described with 
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reference to Examples, but not be limited to them. 

Fyamnle 1 Preparation of Send ? i vims cDNA plasmids pUC18fl7(-)HVJRz.DNA 
and dUC18/T7(+^HVJRz.DNA 

Plasmid P UC18n7(-)HVJRz.DNA was constructed by inserting a DNA 
molecule comprising T7 RNA polymerase promoter, Sendai virus cDNA designed 
to be transcribed to the negative strand RNA and the ribozyme gene in this order 
into pUC1 8 vector. Also, plasmid pUC18/T7(+)HVJRz.DNA was constructed by 
inserting a DNA molecule comprising T7 RNA polymerase promoter, Sendai virus 
cDNA designed to be transcribed to the positive strand RNA and I the [nbozyme 
gene in this order into pUC1 8 vector. Constructions of pUC1 8/T7(-)HVJRz.DNA 
and pUC18A7(+)HVJRz.DNA are shown in Figs. 2 and 3, respectively. 
Example ZRecopstjtutign ex periment of Sendai virus from cDNA 

LLC-MK2 cells (2 x 10 6 ) trypsinized in a usual manner were placed in a 60- 
mm diameter plastic dish, and incubated in MEM medium (MEM supplemented 
with 10% FBS) (10 ml) in a 5% C0 2 atmosphere at 37 □ for 24 h. After removing 
the medium and washing with PBS (1 ml), a suspension of recombinant vaccinia 
virus VTF7-3 expressing T7 polymerase in PBS (0.1 ml) was added to the cells at 
the multiplicity of infection (moi) of 2. The dish was gently agitated every 15 mm to 
thoroughly spread the viral solution for 1 h infection. After removing the viral 
solution and washing with PBS (1 ml), a medium containing cDNA, which was 
prepared as follows, was added to the dish. 

Nucleic acids shown in Tables 1 and 2 (containing plasmids expressing 
factors required for the replication of Sendai virus, pGEM-L, pGEM-P and pGEM- 
NP were placed in a 1.5-ml sampling tube, and adjusted to a total volume i o 0.1 ml 
with HBS (Hepes buffered saline; 20 mM Hepes pH 7.4 containing 150 mM NaCI). 
to those tables, (-) and ( + )cDNAs represent plasmids pUC18^7(-)HVJRz.DNA and 
D UC18/T7(+)HVJRz.DNA, respectively, and IC and /L indicate that cDNA is 
introduced into cells in the circular form and linear form after digestion of those two 
plasmids with restriction enzyme Mlul, respectively. 

On the other hand, in a polystyrene tube were placed HBS (0 07 ml) DOTAP 
(Boehringer Mannheim) (0.03 ml). To this tube was added the nucle.c acid solution 
described above, and the mixture was left standing as such for 10 mm Then, to 
this mixture was added the cell culture medium described above (2 ml, MEM 
supplemented with 10% FBS) followed by the vaccinia virus inhibitors . rifamp.cm 
and cytosine arabinoside C (C/Ara/C), to the final concentrations of 0.1 mg/ml and 
0 04 mg/ml, respectively, resulting in the preparation of the medium containing 
cDNA described above. The dish described above was incubated in a 5 /o 
C0 2 atmosphere at 37D for 40 h. The cells in the dish were harvested using a 
rubber policeman, transferred to an Eppendorf tube, sedimented by centr.fug.ng at 
6 000 rpm for 5 min, and re-suspended in PBS (1 ml). Aliquots of this cell 
suspension, as such or after diluted, were inoculated to 10-days old I developing 
embryonated chicken eggs. That is, the cell suspension was diluted w,th , PBS to 
the cell numbers shown in Table 1, and eggs inoculated with its 0 1 to 0.5-m 
aliquots were incubated at 35D for 72 h, then at 4D overnight Chono-allantoic 
fluid was recovered as the source of reconsituted virus from these eggs using a 
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syringe with a needle. 

Hemagglutinin unit (HAU) and plaque forming unit (PFU) of the recovered 
virus solution were assayed as follows. HAU was determined as follows. 

Chicken blood was centrifuged at 400 x g for 10 min and the supernatant was 
discarded. Precipitates thus obtained were suspended in 100 volumes of PBS(-), 
and centrifuged at 400 x g for 10 min to discard the supernatant. This procedure 
was repeated twice to prepare an 0.1% blood cell solution in PBS. Two-fold serial 
dilutions of virus solutions were prepared, and 0.05 ml each dilution to be assayed 
was dispensed into each well of 96-well titer plate. The blood cell solution (0.05 ml 
each) was further added to each well, gently swirled to ensure a thorough mixing, 
and left at 4D for 40 min. The reciprocals of the highest virus dilution to cause the 
hemagglutination observable with the naked eye was taken as HAU. 

PFU was assayed as follows. CV-1 cells were grown to a monolayer on a 6- 
well culture plate. After the culture medium was discarded, a virus solution 10-fold 
serially diluted (0.1 ml each) was dispensed into each well of the culture plate to 
infect the cells at 37 □ for 1 h. During the infection, a mixture of 2 x MEM free of 
serum and melted 2% agar (55D) was prepared, and trypsin was added to the 
mixture to a final concentration of 0.0075 mg/ml. After 1 h infection and removal of 
the virus solution, the culture medium mixed with agar (3 ml each) was added to 
each well of the culture plate, and incubated under a 5% C0 2 atmosphere at 37 □ 
for 3 days. Phenol red (0.1%) (0.2 ml) was added to each well, incubated at 37 □ 
for 3 h, and then removed. Unstained plaques were counted to estimate the virus 
titer as PFU/ml. 

Table 1 shows Sendai virus template cDNAs transfected into LLC-2 cells, 
amounts of cDNA factors, pGEM-L, pGEM-P, and pGEM-NP, required for the RNA 
replication, incubation time, cell numbers inoculated to chicken eggs, HAU and 
PFU values recovered into the allantoic fluid. 



Table 1 



Template 
cDNA amount 

(jig) 




pGEM 
-L 

<W) 


pGEM 
-P 

(M) 


pGE 
M 

-NP 

(ra) 


Incubation 
time (h) 


Amount 
of cells 


HAU 


PFU 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00x10° 


512 


2x1 0* 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00x10 5 


256 


9x1 0 8 


(+)cDNA/C 


10 


4 


2 


4 


40 


1.00x10 6 


256 


9x1 0 8 


(+)cDNA/L 


10 


4 


2 


4 


40 


1.00x10 s 


□2 


□ 10 


(+)cDNA/L 


10 


4 


2 


4 


40 


1.00x10 s 


□2 


□ 10 


(+)cDNA/L 


10 


4 


2 


4 


40 


1.00x10 6 


□2 


□ 10 


(-)cDNA/L 


10 


4 


2 


4 


40 


1.00x10 4 


□2 


□ 10 
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(-)cDNA/L 


10 


4 


2 


4 


40 


1.00x10 5 


□2 


O10 


(-)cDNA/L 


10 


4 


2 


4 


40 


1.00x10 6 


□2 


□ 10 


(-)cDNA/C 


10 


4 


2 


4 


40 


1.00x10 4 


D2 


□ 10 


(-)cDNA/C 


10 


4 


2 


4 


40 


1.00x10 s 


□2 


□ 10 


(-)cDNA/C 


10 


4 


2 


4 


40 


1.00x10 6 


4 


8x1 0 3 



Samples showing both HAU and PFU were sedimented by ultra- 
centrif ugation, re-suspended, purified by a sucrose density gradient centrifugation 
from 20% to 60%. The viral proteins of thus purified virions were fractionated by 
12.5% SDS-PAGE. Each viral protein recovered from cDNAs samples was the 
same in size as that of the conventional Sendai virus. 

These results demonstrated that Sendai virus can be reconstituted by 
introducing cDNAs into cells, and that virus particles are more efficiently 
reconstituted by introducing cDNAs transcribing positive strand RNAs as compared 
with those transcribing negative strand RNAs, and further by introducing cDNAs in 
the circular form rather in the linear form. The coexisting vaccinia virus in an 
amount of ca 10 4 PFU/ml in the allantoic fluid was readily eliminated by the virus 
once again in eggs at a dilution of 10~ 7 or 10" 8 This limiting dilution protocol was 
used to prepare vaccinia-free stock of recovered Sendai virus in this and all 
subsequent studies. 

Example 3. Survey of RNA replication factors required for Sendai virus 
reconstitution 

Experiments were performed to examine whether all three plasmids 
expressing the L, P, and NP proteins were required for the reconstitution of Sendai 
virus. Experimental methods were similar to those described in Example 2 except 
that any combinations of two out of pGEM-L, pGEM-P, and pGEM-NP plasmids or 
only one out of them, instead of all these three combined as in Example 2, were 
introduced together with a template cDNA into cells. 

Table 2 shows Sendai virus template cDNAs introduced into LLC-MK2 cells, 
amounts of the cDNA plasmids required for RNA replication in trans, incubation 
time, number of cells inoculated into chicken eggs, and values of HAU and PFU. 

Table 2 

Template pGEM pGEM pGEM Incubation Number of HAU PFU 

cDNA amount -L -P -NP time cells 

<M) (h) inoculated 

(+)cDNA/C 10 4 2 4 40 1.00x10° 256 6x10° 

(+)cDNA/C 10 4 2 4 40 1.00x10 6 512 4x1 0 9 



(+)cDNA/C 10 0 2 4 40 1.00x1 0 6 D2 D10 
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(+)cDNA/C 10 0 2 4 40 1.00x10 6 D2 D10 



(+)cDNA/C 10 4 0 4 40 1.00x10 6 D2 D10 

(+)cDNA/C 10 4 0 4 40 1.00x10 6 02 01 0 



(+)cDNA/C 10 4 2 0 40 1.00x10 6 02 D10 

(+)cDNA/C 10 4 2 0 40 1.00x10 6 U2 010 



(+)cDNA/C 10 0 0 4 40 1.00x10 6 D2 010 

(+)cDNA 10 0 0 4 40 1.00x10 6 02 01 0 



(+)cDNA/C 10 0 2 0 40 1.00x10 6 02 D10 

(+)cDNA/c 10 0 2 0 40 1.00x10 6 D2 D10 



(+)cDNA/C 10 4 0 0 40 1.00x10 6 D2 . D10 

(+)cDNA/C 10 4 0 0 40 1.00x10 6 D2 D10 



As shown in Table 2, no virus reconstitution was observed by introducing any 
combinations of two out of these three factors into cells, confirming the necessity of 
all three proteins L, P, and NP for the virus reconstitution. 

Example 4. Reconstitution experiment of Sendai virus in vitro from transcribed 
RNAs 

Since the reconstitution of Sendai virus from the functional cDNA clones was 
described in Example 2, it was further examined whether transcription products of 
said cDNAs in vitro, that is, v or (-)RNA and c or (+)RNA, can initiate and support 
similar reconstitution. 

After the Sendai virus cDNA plasmids, pUC18/T7(-)HVJRz.DNA and 
pUC18/T7(+)HVJRz.DNA, were linearized with restriction enzyme M1ul, using 
these DNAs as templates, RNA synthesis was performed in vitro with a purified T7 
polymerase preparation (EPICENTRE TECHNOLOGIES: Ampliscribe T7 
Transcription Kit). The method for synthesizing in vitro RNAs essentially followed 
the protocols provided with the kit. Using RNA products thus obtained in place of 
cDNAs in Example 2, similar experiments were performed, and the virus 
production was estimated by HA test. Results are shown in Table 3. 

Table 3 
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TenriDlate 
cDNA amount 
(MJ) 




pGEM 
-L (HQ) 


pGEM 
- P 

(HQ) 


pGEM 
-NP 

(H9) 


time (h) 


KJi imKar r\f 

iNumDer ot 
cells 

inoculated 


UA 

MA 

u 


rrU 


in vitro 
(-)RNA 


10 


4 


2 


4 


40 


1.00x10 b 


512 


2x10 s 


in \f\trr\ 

III VILIU 

(-)RNA 


1 n 


4 


2 


4 


40 


1.00x10 6 


512 


ND 


in vitro 
(+)RNA 


10 


4 


2 


4 


40 


1.00x10 6 


2 


5x1 0 3 


in vitro 
(+)RNA 


10 


4 


2 


4 


40 


1.00x10 s 


<2 


ND 



These results indicate that virus can be reconstituted by introducing either 
negative or positive sense strand RNAs into cells. 

Example 5. Expression of foreign genes inserted into Sendai viral vectors in 

host cells 

1. Preparation of Sendai virus vector "pSeVgp120" inserted with a foreign 
gene, the gp1 20 of human immunodeficiency virus type 2 (HIV) 

Using a set of primers comprising primer a (5'- 

TGCGGCCGCCGTACGGTGGCAATGAGTGAAGGAGAAGT-3') (SEQ ID N01) 
and primer d (5'- 

TTGCGCCCGCGATGAACTTTCACCCTAAGTTTTTTATTACTACGGCG- 

TACGTCATC CTCTCTGC-3') (SEQ ID NO:2), the HIV-1gp120 gene was 

amplified on "pN1432" or a full-length cDNA of HIV-1 strain NL43 by the standard 
PCR techniques. PCR products were subjected to TA cloning, digested with Notl, 
and then inserted into the Notl site of "pSeV18 + ". pSeV18 + contains an additional 
18 nucleotide sequence with a unique Notl restriction site which is placed before 
the ORF of NP gene of pUCH"7(+)HVJRz. Then, E. coli cells were transformed 
with this recombinant plasmid. DNAs were extracted from each colony of E. coli by 
the "Miniprep" method, digested with Dralll, and then electrophoresed. Positive 
clones (designated "clone 9" hereafter) were selected by confirming to contain 
DNA fragments of the size expected from the insertion. After DNA fragments were 
confirmed to have the authentic nucleotide sequence, DNAs were purified by a 
cesium chloride density gradient centrifugation. pSeV18 + inserted with the gp120 
gene is designated "pSeVgp120" hereafter. 2. Reconstitution of Sendai virus 
containing pSeVgp120 (SeVgp120) and analysis of gp120 expression 

Reconstitution of the virus from pSeVgp120 in LLCMK2 cells, the virus 
recovery from allantoic fluid of embryonated chicken eggs, and assay of the viral 
HAU were done exactly as described in Example 2. The recovered virus was also 
examined for the expression of gp120 by ELISA as follows. 

Samples (100 \i\ each allantoic fluid) were dispensed into each well of a 96- 
well plate which had been coated with monoclonal antibody against HIV-1, and 
incubated at 37D for 60 min. After washing with PBS, HRP-linked anti-HIV-1 
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antibody (100 \i\ each) was added to each well, and incubated at 37 □ for 60 min. 
After washing with PBS, tetramethylbenzidine was added to each well, and 
amounts of reaction product converted by the action of HRP under acidic 
conditions were determined by following the optical density at 450 nm to estimate 
the expression amount of gp120. Results are shown in the left-hand column in 
Table 4. 

The virus solution thus obtained was inoculated to CV-1 cells, and similarly 
examined for gp120 expression as follows. CV-1 cells were dispensed to a culture 
plate at 5 x 10 cells/plate, grown, and then the culture medium was discarded. 
After washing with PBS(-), the viral solution was added to the cells at the 
multiplicity of infection of 10, and incubated at 37 □ for 1 h. After the virus solution 
was discarded, washed with PBS(-), a plain MEM medium (MEM medium 
supplemented with antibiotics AraC and Rif, and trypsin) was added to the cells, 
and incubated at 37D for 48 h. After the reaction, the medium was recovered and 
assayed for HAU (by a similar method as described in Example 2) and examined 
for the expression of gp120 (by ELISA). Results are shown in the center column of 
Table 4. In addition, the supernatant of CV-1 cell culture medium was inoculated to 
embryonated chicken eggs again, and the virus solution thus obtained was 
assayed for HAU and also examined for the gp120 expression (by ELISA). Results 
are shown in the right hand column of Table 4. 



Table 4 

(|jg/ml) 



Allantoic fluid (F1) 
gp120 (HAU) 


CV-1 medium (F1)gp120 
(HAU) 


Allantoic 
fluid (F2) 
gp120 (HAU) 


0.10(4) 


3.46 (128) 




0.15 (32) 


1.81 (128) 


1.56, 1.21 






(512,512) 


0.05 (32) 


2.20 (128) 





As shown in Table 4, markedly high concentrations of gp120 were detected in 
CV-1 cells in culture (center column of the Table), and also in the allantoic fluids 
from embryonated chicken eggs inoculated again with the virus (right-hand column 
of the Table). In the left-hand and center columns of the Table are shown the 
mean values of three clones. 

Furthermore, the expression of gp120 was analyzed by Western blotting. 
After the culture medium of CV-1 cells infected with SeVgp120 was centrifuged at 
20,000 rpm for 1 h to sediment virus, the supernatant was treated with either TCA 
(10%, v/v) for 15 min on ice or 70% ethanol at -20D, and centrifuged at 15,000 rpm 
for 15 min. Proteins thus precipitated were solved in an "SDS-PAGE sample 
buffer" (Daiichi Chemicals) at 90D for 3 min, and then subjected to electrophoresis 
on 10% SDS-polyacrylamide gel (SDS-PAGE). Proteins thus fractionated were 
transferred to PVDF membranes (Daiichi Chemicals), reacted with monoclonal 
antibody 902 at room temperature for 1 h, and then washed with T-TBS. The 
membranes were reacted with anti-mlgG (Amersham) at room temperature for 1 h, 



19 



and washed with T-TBS,. The membranes were then reacted with HRP-linked 
protein A (Amersham) at room temperature for 1 h, washed with T-TBS, and 4- 
chloro-1-naphthol (4CNPIus) (Daiichi Chemicals) was added to detect gp12(X As a 
result, protein bands were visualized at positions corresponding to the expected 
molecular weight of gp120. 

In addition, effects of postinfection time of CV-1 cells transfected with 
SeVgp120 on the HAU value and gp120 expression amount were analyzed. CV-1 
cells (5 x 10 6 ) dispensed to 10-cm plate were infected with SeVgp120 at the 
multiplicity of infection of 1 0, and the culture medium (1 ml each) was 
postinfectionally recovered at 30, 43, 53 and 70 h, mixed with an equal volume of 
the fresh medium, and subjected to HAU assay, gp120 expression examination (by 
ELISA) and Western blotting. Results are shown in Figure 4. As clearly shown in 
Fig. 3, the production of gp120 tends to increase with the increasing HA titer or 
Sendai virus. 

Example 6. Analyses of SeVqp120 propag ation and qd120 production in 
various types of cells 

Using similar methods as those in Example 5 except for the use of various 
types of cells, HAU and gp120 expression levels (by ELISA) were assayed. 
Results are shown in Table 5. 



Table 5 



Cell type Hours (postinfection) HAU rgpl 20 (ng/ml) 



CV-1 


96 


32 


2.5 


LLCMK2 


48 


16 


0.5 


CHO 


55 


4 


0.46 


NIH3T3 


48 


4 


0.25 


MT4 


24 


16 


0.8 


MOLT4/ 


24 


16 


1.2 



In the left-hand column of the Table are shown the postinfection times (hours) 
of various types of cells transfected with SeVgp120. As a result, SeVg.p1 20 
propagation and gp120 expression were detected in all types of cells tested. 
Example 7. Studies on the expression n f Indferase gene inserted into the 
Sendai viral vector in h ost cells 

In order to isolate the luciferase gene for inserting to vectors, the 'uctferase 
gene bounded by the engineered Notl sites on both termini was constructed by the 

^GCGGC^ (30-) (SEQ ID NO: 3), and 

(SEQ ID NO: 4) with the minigenome encoding plasmid, "pHvluciRT4 , as a 
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template. The PCR product was cloned into the Notl window of pSeV18 + to obtain 
a recombinant Sendai virus vector to which the luciferase gene is inserted. Then, 
this recombinant vector was transfected into LLCMK2 cells, and after 3 cycles of 
freezing and thawing, the cells were inoculated into embryonated chicken eggs. 
Chorio-allantoic membranes of developing eggs were excised out, twice washed 
with cold PBS(-), and, after the addition of lysis buffer (Picagene WAKO) (25 
and thorough mixing, centrifuged at 15,000 rpm for 2 min. To the supernatant (5 \i\ 
each) was added the substrate (IATRON) (50 and the mixture was dispensed 
into each well of a 96-well plate. Fluorescent intensity was measured with a 
luminometer (Luminous CT-9000D, DIA-IATRON), and the enzyme activity was 
expressed as counts per second (CPS). As a result, an extremely high luciferase 
activity was detected. The egg grown recombinant virus was purified by passaging 
once again in eggs, so that the stock virus did not contain helper vaccinia virus. 
This stock virus was then used to infect CV-1 cells and examine luciferase 
expression in these cells. As shown in Table 6, again, extremely high luciferase 
activity was detected for infected CV-1 cells at 24-h postinfection (Table 6). In 
these experiments, Sendai virus which did not carry the luciferase gene was used 
as control (represented by "SeV" in the table). Results obtained from two clones 
are shown in the table. 

Table 6 

Fluorescence intensity (counts/10 sec) 
Chorio-allantoic membrane CV-1 (24h postinfection) ~~ 
_____ 669187 

2891560 8707815 



SeV 69 48 

23 49 



In the present invention, a system has been established allowing the efficient 
rescue of viral particles from cDNAs of negative strand viruses, and also a method 
has been developed enabling the production and amplification of "complexes 
comprised of RNAs derived from disseminative specific negative strand RNA virus 
and viral structural components containing no nucleic acids so as to have the 
infectivity and autonomous RNA replicating capability but no disseminative 
potency". Since said complexes can replicate only within infected cells but not 
spread from cell to cell, these techniques are especially useful in the fields of gene 
therapy, etc. wherein therapeutical safety is highly appreciated. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(1) APPLICANT: NAGAI, Yoshiyuki 

KATO, Atsushi 
MURAI, Fukashi 
ASAKAWA, Makoto 
SAKATA, Tsuneaki 
HASEGAWA, Mamoru 
SHIODA, Tatsuo 

(ii) TITLE OF INVENTION: Negative Strand RNA Viral Vector Having Autonomous 
Replication Capability 

(iii) NUMBER OF SEQUENCES: 4 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Clark & Elbing LLP 

(B) STREET: 176 Federal Street 

(C) CITY: Boston 

(D) STATE: MA 

(E) COUNTRY: U.SA. 

(F) ZIP: 02110-2214 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44 MB storage 

(B) COMPUTER: IBM compatible 

(C) OPERATING SYSTEM: MS-DOS ver 3.30 or later 

(D) SOFTWARE: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: JP HEI 7-308315 

(B) FILING DATE: 31-OCT-1995 
(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT/JP96/03068 

(B) FILING DATE: 22-OCT-1996 

(2) INFORMATION FOR SEQ ID NO: 1 
(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 38 

(B) TYPE: nucleic acid 
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(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 

TGCGGCCGCC GTACGGTGGC AATGAGTGAA GGAGAAGT 38 

(2) INFORMATION FOR SEQ ID NO: 2 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2 

TTGCGGCCGC GATGAACTTT CACCCTAAGT TTTTVTTACT ACGGCGTACG 
TCATC I I I I I 60 

TCTCTCTGC 69 

(2) INFORMATION FOR SEQ ID 

NO:3 

(1) SEQUENCE CHARACTERISTICS 

(A) LENGTH: 30 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3 

AAGCGGCCGC CAAAGTTCAC GATGGAAGAC 30 

(2) INFORMATION FOR SEQUENCE ID NO: 4 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 69 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid (synthetic DNA) 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 

TGCGGCCGCG ATGAACTTTC ACCTAAGTT TTTCTTACTA CGGATTATTA 
CAATTTGGAC 60 TTTCCGCCC 69 
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WHAT IS CLAIMED IS: 

1. A complex comprising an RNA molecule derived from a specific 
disseminative negative strand RNA virus and viral structural components 
containing no nucleic acid, having the cell infectivity and capable of autonomously 
replicating RNA, but deficient in the disseminative capability. 

2. The complex of Claim 1, wherein said specific RNA virus is a negative 
strand RNA having non-segmented genome. 

3. The complex of Claim 1 , wherein said specific RNA virus is Sendai virus. 

4. An RNA molecule comprising Sendai viral RNA or its complementary RNA, 
wherein said RNA molecule is defective in that at least one or more than one gene 
coding for each of the M, F, and HN proteins are deleted or inactivated. 

5. A complex comprising the RNA molecule of Claim 4 and viral structural 
components derived from Sendai virus containing no nucleic acid, having the cell 
infectivity and capable of autonomously replicating RNA, but deficient in 
disseminative capability. 

6. A DNA molecule comprising a template DNA capable of transcribing the 
RNA molecule of Claim 4 in vitro or in vivo. 

7. The complex of any one of Claims 1-3 or 5, wherein the RNA molecule 
contained in said complex comprises a foreign gene. 

8. The complex of Claims 3 or 5, wherein the RNA molecule contained in said 
complex comprises a foreign gene. 

9. The RNA molecule of Claim 4 comprising a foreign gene. 

10. The DNA molecule of Claim 6 comprising a foreign gene. 

11. An inhibitor for RNA replication contained in the complex of any one of 
Claims 1-3, 5, 7 or 8 comprising an inhibitory agent for the RNA-dependent RNA 
replication. 

12. A host whereto the complex of any one of Claims 1-3, 5, 7 or 8 can 
disseminate. 

13. The host of Claim 12 comprising genes for the infectivity of the complex of 
any one of Claims 1-3, 5, 7 or 8 on its chromosomes, and capable of replicating the 
same copies of said complex when infected with it. 

14. The host of Claims 12 or 13, wherein said host is animals, or cells, 
tissues, or embryonated eggs derived from it. 

15. The host of Claim 14 wherein said animal is mammalian. 

16. The host of Claim 14 wherein said animal is avian. 

17. A host expressing genes for the infectivity of the complex of any one of 
Claims of 3, 5, or 8, and capable of replicating the same copies of said complex 
when infected with it. 

18. A host comprising more than one gene of the M, F, and HE genes derived 
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from Sendai virus or genes having functions equivalent to them on its 
chromosomes. or egch of thejr 

19 A host comprising the M, F, or HN gene ox oc. 
functiona, equivaient genes or , ^ ^ ^ ^ 

equivalent, respectively). 

■ ■ m p anri HN aenes of Sendai virus on its 

equivalent respeOively) P and u genes on its chromosomes 

23 The host o. an^ one o, Cairns 17-22, wherein said host is an,mal, or ce„, 
tissue or egg derived from it. 

24 The host of Claim 23, wherein said animal is mammalian. 

25 The host of Claim 23, wherein said animal is avian. 
26. A kit consisting of the following three components, 

° RNA b enzymes required for replicating said RNA or said cRNA, or a uni, capabie 
of biosynthesizing said enzymes, and 

c proteins reiated to the infeotivity of said eompiex, or a un* oapable of 
biosynthesizing said proteins. 

27. A kit consisting of the following three components, 

° RNA b enzymes required for replicating said RNA or said cRNA. or a unit oapabie 
of biosynthesizing said enzymes, and 

c. the host of any one of Claims 12-25. 

28 A kit consisting of the following two components, 

a. the complex of any one of Claims 1-3, 5, 7 or 8, and 
b the host of any one of Claims 12-25. 

29 A kit consisting of the following three components, 

Tail NP P and L proteins of Sendai virus or a uni, oapabie of biosynthes,zrn g 
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said proteins, and 

c. proteins related to the infectivity of said complex, or a unit capable of 
biosynthesizing said proteins. 

30. A kit consisting of the following three components, 

a. the RNA molecule contained in the complex of any one of Claims 3, 5 or 8, 
or cRNA of said RNA, or a unit capable of biosynthesizing said RNA or said cRNA, 

b. all NP, P and L proteins of Sendai virus, or a unit capable of 
biosynthesizing said proteins, and 

c. the host of any one of Claims 17-25. 

31 . A kit consisting of the following two components, 

a. the complex of any one of Claims 3, 5 or 8, and 

b. the host of any one of Claims 17-25! 

32. A method for producing the complex of any one of Claims 1-3, 5, 7 or 8 by 
introducing all three components of Claims 26a, 26b and 26c into a host. 

33. A method for producing the complex of any one of Claims 1-3, 5, 7 or 8 by 
introducing both components of Claims 27a and 27b in the host of Claim 27c. 

34. A method for amplifying and producing the complex of Claim 28a by 
transfecting said complex to the host of Claim 28b. 

35. A method for producing the complex of any one of Claims 3, 5 or 8 by 
introducing the three components of Claims 29a, 29b and 29c into a host. 

36. A method for producing the complex of any one of Claims 3, 5 or 8 by 
introducing both components of Claims 30a and 30b into the host of Claim 30c. 

37. A method for amplifying and producing the complex of Claim 31a by 
transfecting said complex into the host of Claim 31b. 

38. The RNA molecule of Claim 9 wherein a gene corresponding to the M, F, 
or HN gene is deleted or inactivated. 

39. The RNA molecule of Claim 9 wherein all the genes corresponding to the 
M, F, and HN genes are deleted or inactivated. 

40. A kit consisting of the following three components, 

a. the RNA molecule of Claim 38, 

b. the host of Claim 20, and 

c. the host of Claim 19. 

41. A method for preparing a complex by introducing the RNA molecule of 
Claim 40a into the host of Claim 40b, and amplifying and producing said complex 
by transfecting it to the host of Claim 40c. 

42. A complex produced by the method of Claim 41. 

43. A kit consisting of the following three components, 
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a. the RNA molecule of Claim 39, 

b. the host of Claim 22, and 

c. the host of Claim 21. 

44. A method for amplifying and producing a complex by introducing the RNA 
molecule of Claim 43a into the host of Claim 43b, and amplifying and producing 
said complex by transfecting it to the host of Claim 43c. 

45. A complex produced by the method of Claim 44. 

46. An inhibitor for RNA replication contained in the complex of Claims 42 or 
45 comprising an inhibitory agent of the RNA-dependent RNA polymerase. 

47. A method for preparing foreign proteins, wherein said method comprises 
processes of introducing the complex of Claim 7 to a host and recovering the 
expressed proteins. 

48. The method for preparing foreign proteins of Claim 47, wherein the host is 
a cell expressing a group of genes, from among those related to the disseminative 
capability, which are deficient in the RNA molecule contained in the complex of 
Claim 7. 

49. A culture medium or allantoic fluid containing the expressed foreign 
proteins, wherein said culture medium or allantoic fluid is obtained by transfecting 
the complex of Claim 7 to a host and recovering its culture medium or allantoic 
fluid. 
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ABSTRACT OF THE DISCLOSURE 

A method for reconstituting Sendai viral particles by transfecting Sendai 
to a host expressing all genes for 

the initial replication has been developed, enabling the 

production of negative strand RNA vectors highly useful for 

practical applications. 
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